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PREFACE

The main objective for this study was the development of  a rapid

diagnost i c  method  for  IHN v irus  in  f i sh  t i ssue  samples .  The rationale

for developing new techniques for diagnosing IHNV infection was that

present methods were time consuming and dependent on virus

n e u t r a l i z a t i o n  b y  s p e c i f i c  a n t i s e r a , a reagent that was not readily

a v a i l a b l e  o r  r e l i a b l e .  F ish  patho log is ts  required  a  rapid  detect ion

method  which  was  sens i t ive  enough to  detect  v i rus  s tra in  d i f ferences

so  that  they  could  prov ide  data  for  e f fec t ive  management  dec is ions  in

controlling the spread of IHNV.

Bonnevi l le  Power  Administrat ion ’ s  (BPA)  ro le  in  e f for ts  in  f i sh

diseases  and more  gener ica l ly  the  protect ion ,  mit igat ion ,  and

enhancement of  Columbia River salmon and steelhead populations,  is

mandated by Congress through the Pacific Northwest Electric Power

Planning and Conservation Act (Regional Act),  Pub. L. 96-501. Section

4 ( h )  of t h e  R e g i o n a l  A c t  d i r e c t s the Northwest Power Planning Council

to develop a Fish and Wildlife Program. BPA’s Administrator  i s

authorized i n  S e c t i o n  4 ( h ) ( 1 0 ) ) ( A )  t o  “ u s e  f u n d s  a n d  t h e  authorities

available to the extent affected by the development and operation of

any  hydroe lectr i c  pro jec t  o f  the  Columbia  River  and  i ts

tributaries.”  The fund is to be used to implement measures that are

cons istent  with  the  Counci l ’ s  F ish  and Wi ld l i fe  Program.
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The research  deta i led  in  th is  f ina l  report  i s  cons is tent  with

t h e s e  o b j e c t i v e s .  This  f ina l  report  has  been  prepared  as  part  o f

BPA’s po l i cy  to  encourage  the  preservat ion  and  d isseminat ion  o f

r e s e a r c h  r e s u l t s  b y  p u b l i c a t i o n  i n  s c i e n t i f i c  j o u r n a l s .
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ABSTRACT

Three new methods for identifying IHNV in fish tissue samples

have been developed.  These methods are based on the initial growth of

the  v irus  in  ce l l s  in  cul ture  and the  subsequent  analys is  o f  the  v ira l

p r o t e i n s  b y  g e l  e l e c t r o p h o r e s i s .  These methods permit positive

ident i f i cat ion  o f  IHNV infect ion  as  wel l  as  s tra in  typing  quickly .

T h e  v i r i o n  p r o t e i n  p a t t e r n s  o f  7 2  i s o l a t e s  o f  i n f e c t i o u s

hematopoietic necrosis virus (IHNV) were analyzed by sodium dodecyl

su l fate -po lyacry lamide  ge l  e lec trophores is  (SDS-PAGE)  o f  35S-

methionine  labe led  v irus .  T h i s  a n a l y s i s  l e d  t o  t h e  c l a s s i f i c a t i o n  o f

these  v i rus  i so lates  into  5  types  accord ing  to  the  apparent  molecular

weights  o f  the  v ir ion  N and G prote ins .  Type  1  v irus  i s  character ized

by a nucleocapsid  protein with an approximate molecular weight of

40 ,500  dal tons .  Types 2 and 3 viruses have N proteins of  42,800 and

43,250  respect ive ly .  Virus  be longing  to  the  Type  2  c lass i f i cat ion  was

responsible for the recent outbreaks of  IHN disease among fish in the

Lower Columbia River. The Type 3 virus isolates were obtained from

Cal i fornia .  In  addi t ion  to  Type  3  v i rus ,  Cal i fornia  has  a  d i f ferent

IHN virus type at Coleman hatchery on the Sacramento River.  This Type

4  v irus  i s  character ized  by  a  s lower  migrat ing  G prote in  with  an

apparent molecular weight of  70,000 daltons. All o t h e r  v i r u s  i s o l a t e s

h a v e  G  p r o t e i n s  o f  m o l e c u l a r  w e i g h t  o f  6 7 , 0 0 0  d a l t o n s .  The Type 5 IHN

virus  category  contains i s o l a t e s  n o t  s u f f i c i e n t l y  d i s t i n c t  t o  w a r r a n t



t h e i r  c l a s s i f i c a t i o n  a s  a  s e p a r a t e  t y p e .  These f indings have been

u s e f u l  i n  d e t e r m i n i n g  ( 1 )  a  p a r t i c u l a r  v i r u s  t y p e  i s  c h a r a c t e r i s t i c

for  a  geographic  area  and wi l l  in fec t  many d i f fere nt  sa lmonid  spec ies

in  that  area  and  (2 )  the  same type  i so lated  f rom parenta l  f i sh  i s

responsible for the subsequent outbreak of  the disease in the progeny

f i s h .

T h e  s p e c i f i c  r a d i o a c t i v e  l a b e l i n g  o f  v i r u s  p r o t e i n s  i n  t h e

infected  ce l l  has  a lso  been  used  to  s tudy  the  intrace l lu lar  synthes is

o f  v i r a l  p r o t e i n s .  Us ing  techniques  or ig inal ly  deve loped  for

diagnosing an IHNV infection, we were able to characterize the

s e q u e n c e  o f  e v e n t s  l e a d i n g  t o  t h e  s y n t h e s i s  o f  v i r a l  p r o t e i n s .  T h e

temporal  synthes is  o f  the  v i ra l  po lypept ides  suggest  that  they  were

der ived  f rom the  t rans lat ion  o f  independent ly  t ranscr ibed

monoc istronic  mRNAs.

Polyvalent antisera to purified IHNV was used to develop two

addi t ional  methods  for  detect ing  IHNV infect ion  in  ce l l s .  Antibody to

IHNV was measured by solid phase direct binding assays with

radioiodinated Protein A or with immunoperoxidase staining. The high

binding antibody titer of  rabbit anti-IHNV sera made possible the

development of  two immunological tests for IHNV. Both immunological

methods  were  h ighly  spec i f i c , sens i t ive  to  less  than 10  ng  o f  v i rus

protein and represented new methods of  characterizing different

s t r a i n s  o f  IHNV.
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Background

I. Histor ica l  Perspect ive

In 1953, a viral disease among sockeye salmon (Oncorhynchus

nerka) was reported in hatcheries at Winthrop and Leavenworth,

W a s h i n g t o n  (Rucker  e t  a l . ,  1 9 5 3 ) .  T h e  v i r a l  e t i o l o g y  o f  t h e  d i s e a s e

was  conf i rmed by  i ts  t ransmiss ion  with  ce l l - f ree  f i l t rates  and  the

res is tance  o f  the  d isease  to  ant ib io t i c  therapy  (Watson ,  1954) .  This

part i cu lar  i so late  o f  the  v i ra l  agent  was  not  reta ined  in  s torage .

An outbreak o f  a  s imi lar  d isease  with  a  h igh  morta l i ty  rate

occurred among juvenile sockeye salmon at the Willamette River Salmon

Hatchery  in  Oregon (Wingf ie ld  e t  a l . ,  1969)  in  1958 .  A virus was

iso lated  f rom the  d iseased  f i sh  and  a  character izat ion  o f  i t s

phys ica l - chemica l  propert ies  was  made  (Wingf ie ld ,  1968) .

In 1958 an epizootic also occurred among chinook salmon (0.-

tschawytscha)  f ry  at  a  Cal i fornia  hatchery .  A few months later,

another  outbreak was reported at the Sacramento River Hatchery in

C a l i f o r n i a  ( R o s s  e t  a l . ,  1 9 6 0 ;  P a r i s o t ,  1 9 6 2 ) .  The disease was named

"Sacramento River Chinook Disease" a f t e r  t h e  s p e c i e s  a n d  s i t e  o f

i s o l a t i o n .  Although the natural host of  this agent was chinook

salmon,, both healthy chinook salmon and cutthroat trout (Salmo clarki)

w e r e  s u s c e p t i b l e  t o  i n f e c t i o n  w i t h  c e l l - f r e e  f i l t r a t e s  f r o m  i n f e c t e d

fish.
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Two ident ica l  v i ruses  f rom ra inbow trout  (S .  ga irdner i )  and-

sockeye salmon in British Columbia, Canada, were isolated in 1967

(Amend et al . , 1969).  The name " infect ious  hematopoiet i c  necros is "

was  proposed  to  descr ibe  the  outstanding  necros is  o f  the  hematopo iet i c

t i ssue  o f  the  k idney  and  sp leen  in  in fec ted  f i sh .  Subsequently, Amend

and Chambers (1970) proposed that all  three viruses:  British Columbia

Virus , the Oregon sockeye salmon virus,  and the virus of  the

Sacramento  River  ch inook  d isease ,  be  re ferred  to  as  in fect ious

hematopoietic necrosis virus (IHNV). This proposal was based on the

fact  that  a l l  three  v i ruses  possessed  the  same bul le t -shaped  s tructure

with similar dimensions upon electron microscopic examination and all

three  produced  the  same type  o f  cytopathic  e f fec t  in  ce l l  cu l ture .

I I .  Geographic  Distr ibut ion

Infect ious  hematopoiet i c  necros is  v i rus  was  or ig inal ly  found to

be endemic to the Pacific Northwest of  the United States.  However,  it

has since been found in Alaska, British Columbia, Japan, and most

r e c e n t l y , Taiwan (Chen, Kou, Hedrick, and Fryer,  personal

communication). The  d isease  was  f i rs t  reported  in  sockeye  sa lmon in

Washington  State  in  1953  (Rucker et  a l . ,  1953) .  S ince  then,  the  v irus

has been found to be widely distributed among many salmonid fish

species in hatcheries of  the Columbia River basin in Washington,

Oregon and Idaho (Amend and Wood, 1972; Groberg and Fryer, 1983).
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In Oregon, the First report of  IHNV was from the Willamette River

Salmon Hatchery  in  1958  (Wingf ie ld  e t  a l . ,  1969) .  In 1975, rainbow

trout and kokanee salmon (landlocked 0.  nerka) suffered high_  ____
mortalities from IHNV at the Wizard Falls Hatchery on the Metolius

River .  Later,  kokanee salmon in Suttle Lake, which drains into the

Metolius River, were  a lso  found to  be  v i rus  carr iers .  The kokanee in

Suttle Lake had been used as an egg source for the Wizard Falls

Hatchery. During the same year, mortalities due to IHNV also occurred

in  juveni le  s tee lhead  trout  (S .   ga irdner i )  a t  Round Butte  Hatchery-

which is located below the Metolius and Deschutes Rivers (Mulcahy et

a l . , 1980).  Since then, IHN v irus  has  been  i so lated  per iod ica l ly  f rom

both adult and juvenile steelhead trout at the Round Butte Hatchery.

During the winter of  1975-76, adult chinook salmon in the Elk River

Hatchery on the south coast of Oregon were found to be IHNV

c a r r i e r s .  Later, s igni f i cant  morta l i t ies  occurred  in  the  progeny .

Another outbreak occurred in juvenile chinook salmon in 1978 at the

same hatchery  but  not  in  juveni le  s tee lhead (Mulcahy  et  a l . ,  1980) .

The  f i rs t  suspected  v ira l  agent  respons ib le  for  annual ly

recurr ing  morta l i t ies  in  juveni le  ch inook  sa lmon was  reported  in

Northern  Cal i fornia  in  1960  by  Ross  e t  a l . ,  1960 .  In 1962, a disease

with high mortality for Sacramento River chinook salmon but not

s tee lhead  trout juveni les  was  reported  (Par isot  and  Pelnar ,  1962) .

This agent was isolated and characterized by Nims et al .  (1970) and

15



Wingf ie ld  and  Chan (1970) .  Recent ly , IHNV-caused mortality in

juvenile steelhead was reported in the Sacramento River basin (Chen,

1983).

Grischkowsky and Amend (1976) found that IHNV caused high

morta l i t ies  in  juveni le  sockeye  sa lmon in  Alaska .  Adult chinook

salmon were found to be the carriers (Wertheimer and Winton, 1982).

In 1967, IHNV was first isolated from rainbow trout and sockeye

salmon in British Columbia (Amend et al . ,  1969).  In 1976, it  was

found widely distributed in sockeye salmon fry in Western Canada

(Williams and Amend, 1976).

Epizootics of  IHNV have occurred also in rainbow trout in

Minnesota, Montana, South Dakota, and Idaho. The first IHNV isolation

in West Virginia was made in 1973 from rainbow trout (Wolf et al . ,

1973).  The  d isease  i s  be l ieved  to  have  been  introduced  into  these

areas  by  the  importat ion  o f  contaminated  eggs  or  d iseases  o f  f i sh

(Pi l cher  and Fryer ,  1980) .

In fect ious  hematopoiet i c  necros is  v i rus  outbreaks  were  f i rs t

reported in land-locked sockeye salmon in Hokkaido,  Japan in 1972

(Kimura and Awakura, 1972). The virus has since spread throughout

Japan where it  is  now found in rainbow trout and dog salmon (O. keta)- -

( S a n o  e t  a l . ,  1 9 7 7 ) .  There has been a suggestion that the disease was

introduced into Japan from the importation of  contaminated eggs from

Alaska  in  1968  (Wol f ,  1976) .  The  v irus  has  a lso  been  i so lated  f rom

16



rainbow trout in Taiwan (Chen, Kon, Hedrick, and Fryer,  personal

communication).

TTI. Spec ies  Suscept ib i l i ty  and  Res is tance

The  f i rs t  exper iments  determining  the  suscept ib i l i ty  o f  d i f ferent

f i sh  spec ies  to  IHNV were  conducted  by  Wingf ie ld  e t  a l .  (1968) .   They

reported  that  the  v irus , isolated from juvenile sockeye salmon during

the Willamette River Salmon Hatchery outbreak in 1958, was virulent

For young kokanee salmon but not for juvenile chinook salmon, coho

salmo n (O_.  k isutch) ,  or  ra inbow trout .  I n  f i s h  c e l l  l i n e s ,  t h i s  v i r u s

iso late  rep l i cated  wel l  in  sockeye  and  s tee lhead  trout  ce l l s  but  grew

in  chinook  sa lmon ce l l s  only  a f ter  several  passages  (Nims et  a l . ,

1970).

In 1975, a series of  IHNV outbreaks and isolations began to occur

in rainbow trout,  kokanee salmon, chinook salmon and steelhead trout

in the Metolius and Deschutes River watershed in Central Oregon.

Although IHNV was found in adults of chinook salmon and steelhead

trout  at  Round Butte Hatchery, mortalities due to IHNV were found to

o c c u r  o n l y  i n  j u v e n i l e  s t e e l h e a d  t r o u t  (Mulcahy e t  a l . ,  1 9 8 0 ) .

In Alaska, the mortality due to IHNV was reported only in

juvenile sockeye salmon, but not in juvenile chinook salmon

(Grischkowsky and Amend, 1976). Yet, v i rus  has  been  detected  in  adul t

chinook and sockeye salmon in Alaska.
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Both chinook salmon and steelhead trout are reared in hatcheries

in the Sacramento and Feather Rivers.  However, mortality due to IHNV

has been observed only in juvenile chinook salmon in California

(Parisot and Pelnar, 1962; Wingfield and Chan, 1970).  Recent ly ,

juvenile and steelhead trout have died from IHNV in the Sacramento

River basin (Chen, 1983).

No mortalities due to IHNV have been reported in coho salmon.

Nei ther  exper imental  in jec t ion  with  two  d i f ferent  s tra ins  o f  IHNV

(Watson et  a l . , 1954; Parisot and Pelnar,  1962) nor waterborne

exposure to IHNV (Wingfield et al . ,  1970; Wingfield and Chan, 1970)

have produced mortality in coho salmon. Apparently, coho salmon are

res is tant  to  the  pathogenic  aspects  o f  IHNV infect ion .  More r e c e n t l y ,

Chen has reported that coho salmon may be susceptible to large doses

of IHNV (Chen, 1983).

IV. Symptoms of IHNV

The rapid  onset  o f  morta l i t ies  in  a lev ins  and young f i sh  i s

usual ly  the  f i rs t  s ign  o f  an  ep izoot i c  o f  IHNV.  Among individual

f i s h , t h e  p r e s e n c e  o f  f e c a l  c a s t s  t r a i l i n g  f r o m  t h e  v e n t  i s  o n e  o f  t h e

c h a r a c t e r i s t i c  s i g n s  o f  t h e  d i s e a s e .  Dark coloring, anemia,

exophthalmia, distension of  the abdomen wi th ascites,  and petechial

hemorrhages  at  the  base  o f  the  f ins  are  a lso  found in  in fected  f i sh .

In  addi t ion , the  d iseased  f i sh  may exhib i t  behavior  such  as  le thargy

o r  f r e n z y  (Rucker  e t  a l . ,  1 9 5 3 ;  R o s s  e t  a l . ,  1 9 6 0 ;  A m e n d  e t  a l . ,

1969).
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rainbow trout in Taiwan (Chen, Kon, Hedrick, and Fryer,  personal

communication).

I I I .  Spec ies  Suscept ib i l i ty  and  Res is tance

The  f i rs t  exper iments  determining  the  suscept ib i l i ty  o f  d i f ferent

fish species to IHNV were conducted by Wingfield et al .  (1968).  They

reported  that  the  v irus , isolated from juvenile sockeye salmon during

the Willamette River Salmon Hatchery outbreak in 1958, was virulent

for young kokanee salmon but not for juvenile chinook salmon, coho

salmon (O.  k isutch) ,  or  ra inbow trout .  I n  f i s h  c e l l  l i n e s ,  t h i s  v i r u s_

iso late  rep l i cated  wel l  in  sockeye  and  s tee lhead  trout  ce l l s  but  grew

in  chinook  sa lmon ce l l s  only  a f ter  several  passages  (Nims et  a l . ,

1970).

In 1975, a series of  IHNV outbreaks and isolations began to occur

in rainbow trout,  kokanee salmon, chinook salmon and steelhead trout

in the Metolius and Deschutes River watershed in Central Oregon.

Althoug h IHNV was found in adults of  chinook salmon and steelhead

trout  at  Round Butte Hatchery, mortalities due to IHNV were found to

occur  only  in  juveni le  s tee lhead trout  (Mulcahy  et  a l . ,  1980) .

In Alaska, the mortality due to IHNV was reported only in

juvenile sockeye salmon, but not in juvenile chinook salmon

(Grischkowsky and Amend, 1976).  Yet, v i rus  has  been  detected  in  adul t

chinook and sockeye salmon in Alaska.
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Both chinook salmon and steelhead trout are reared in hatcheries

in the Sacramento and Feather Rivers. However,  mortality due to IHNV

has  been  observed  only  in  juveni le  ch inook  sa lmon in  Cal i fornia

(Par isot  and Pelnar ,  1962 ;  Wingf ie ld  and Chan,  1970) .  Recent ly ,

juvenile and steelhead trout have died from IHNV in the Sacramento

River basin (Chen, 1983).

No mortalities due to IHNV have been reported in coho salmon.

Nei ther  exper imental  in jec t ion  with  two  d i f ferent  s tra ins  o f  IHNV

(Watson et  a l . , 1954; Parisot and Pelnar,  1962) nor waterborne

exposure to IHNV (Wingfield et al . ,  1970; Wingfield and Chan, 1970)

have produced mortality in coho salmon. Apparently, coho salmon are

res is tant  to  the  pathogenic  aspects  o f  IHNV infect ion .  More recently,

Chen has reported that coho salmon may be susceptible to large doses

of IHNV (Chen, 1983).

IV. Symptoms of IHNV

The rapid  onset  o f  morta l i t ies  in  a lev ins  and young f i sh  i s

u s u a l l y  t h e  f i r s t  s i g n  o f  a n  e p i z o o t i c  o f  IHNV. Among individual

f i s h , the  presence  o f  f eca l  casts  t ra i l ing  f rom the  vent  i s  one  o f  the

c h a r a c t e r i s t i c  s i g n s  o f  t h e  d i s e a s e .  Dark coloring, anemia,

exophthalmia, distension of  the abdomen wit h ascites,  and petechial

hemorrhages  at  the  base  o f  the  f ins  are  a lso  found in  in fected  f i sh .

In  addi t ion , the  d iseased  f i sh  may exhib i t  behavior  such  as  le thargy

o r  f r e n z y  ( R u c k e r  e t  a l . ,  1 9 5 3 ;  R o s s  e t  a l . ,  1 9 6 0 ;  A m e n d  e t  a l . ,

1969).
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I n t e r n a l l y , anemia of  the moribund fish can be seen by a pale

l i v e r , sp leen , and kidn ey. Ascites with hemorrhages in the

mesenter ies  i s  a lso  observed .  Necros is  o f  the  hematopo iet i c  t i ssues

in kidney, sp leen ,  and pancreas  are  the  most  character is t i c

h is topatholog ica l  s igns  (Amend et  a l . ,  1969 ;  Yasutake  et  a l . ,  1965) .

V. Diagnostic Methods

In outbreaks of IHNV, infected  f i sh  exhib i t  behaviora l  changes

such as  le thargy  or  hyperact iv i ty .  When these fish are examined and

internal  s igns  o f  d isease  are  present ,  IHN v irus  can  be  i so lated  f rom

f i s h  t i s s u e .  The tissue extract is prepared by homogenization and

pre incubat ion  in  ant ib io t i c  media  be fore  inoculat ion  onto  su i tab le

f i s h  c e l l  c u l t u r e s .  Suscept ib le  ce l l  l ines  inc lude  fathead  minnow

c e l l s  (FHM), rainbow trout gonad cells (RTG-2),  steelhead trout embryo

cells (STE-137),  chinook salmon embryo cells (CHSE-214) and

epi the l ioma papi l losum cypr in i  (EPC)  (Fendr ick  et  a l . ,  1982) .  Since

t h e s e  d i f f e r e n t  c e l l  l i n e s  d o  e x h i b i t  d i f f e r e n c e s  i n  t h e i r  s e n s i t i v i t y

t o  v i r u s  i n f e c t i o n , the  cho ice  o f  a  proper  ce l l  l ine  for  IHNV is

c r i t i c a l .

The infected cells are incubated at 12 to 15°C and examined for

c y t o p a t h i c  e f f e c t s  d a i l y .  In fected  ce l l s  wi l l  round up  and form

clusters  dur ing  a  typica l  IHNV infect ion .  Margination  o f  chromatin a t

the nuclear membrane is also observed. After positive IHNV infected

c e l l  c u l t u r e s  a r e  o b t a i n e d , the confirmed diagnosis requires
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neutra l izat ion  o f  the  v irus  by  spec i f i c  ant i - IHNV sera .  This

requirement may cause the diagnosis of  an IHNV infection to take from

3 to  8  weeks  for  complet ion  (Leong  et  a l . ,  1983) .

VI. Transmission

Transmission routes for IHNV have been examined intensively. One

of the major modes of  IHNV transmission is thought to be vertical

transmission. Virus  cannot  be  detected  in  t rout  surv iv ing  an  IHNV

epizoot i c  (Amend,  1975) .  However , at  the  t ime o f  sexual  matur i ty ,

IHNV can be isolated again from survivors o f  epizootics in the semen,

ovar ian  f lu id ,  and  internal  organs  (Watson  et  a l . ,  1954 ;  Wingf ie ld  and

Chan, 1970; Amend, 1975;  Mulcahy et  a l . ,  1983) .  Thus, it  seems that

the  adult  carr iers  become reservo irs  for  congenita l  t ransmiss ion  f rom

a d u l t  t o  f r y .  Vertical transmission has been used to explain the

outbreaks  o f  IHNV in  i so lated  cases  o f  the  d isease  in  West  Virg in ia ,

Minnesota, and Nebraska where contaminated eggs or fish were

transported  into  these  s tates .

There  i s  a lso  much ev idence  for  hor izonta l ,  water -borne

transmission of IHNV. Fish have been infected with IHNV when placed

in  l ive  boxes  downstream from hatcher ies  carry ing  in fected  f i sh

(Rucker e t  a l . , 1953 ;  Winfield  and Chan,  1976) .  Recent ly  water -borne

transmission of IHNV has been documented among spawning sockeye salmon

at the Cedar River Hatchery in Washington (Mulcahy et al . ,  1983).  The

virus was isolated from water taken from a side channel at Cedar
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River .  The side channel contained spawning sockeye salmon. Virus

concentrations in this water ranged from 32.5 to 1,600 Plaque Forming

Units (PFU)/ml. No virus was detected in water from the Cedar River

i t s e l f .  T h i s  l o w  l e v e l  o f  v i r u s  w a s  s u f f i c i e n t  t o  c a u s e  a  l o c a l i z e d

g i l l  i n f e c t i o n  i n  h e a l t h y  f i s h  h e l d  i n  t h e  s i d e  c h a n n e l .  Experimental

evidence for water-borne transmission of  IHNV has been obtained in

many laborator ies  (Watson et  a l . ,  1954 ;  Wingf ie ld  e t  a l . ,  1970 ;  Amend

and Nelson,  1977) .  Direct  contact  o f  heal thy  f i sh  with  mor ibund or

dead  f i sh  a lso  leads  to  the  t ransmiss ion  o f  the  d isease  (Watson  et

a l . , 1954).

Transmiss ion  o f  the  d isease  by  ingest ion  o f  unpasteur ized  v iscera

of adult salmon or salmon carcasses has been implicated as the cause

o f  I H N V  e p i z o o t i c s  i n  t h e  1 9 5 0 ' s .  Several investigators have shown

that  the  feed ing  o f  in fec ted  v iscera  to  juveni le  sockeye  sa lmon wi l l

result in the transmissison of IHNV (Watson et al . ,  1954; Groberg et

al . , 1982).

VII. Contro l  o f  IHNV Disease

The  methods  current ly  avai lab le  for  contro l l ing  the  spread  o f

IHNV are  avo idance  procedures  des igned  to  e l iminate  the  vert i ca l

generat ion- to -generat ion  transmiss ion  and the  hor izonta l  indiv idual -

to - indiv idual  or  water -borne  transmiss ion .  Exterminat ion  o f  in fec ted

stocks o f, f i sh  and  the  quarant ine  o f  in fec ted  populat ions  are  the

ma jor methods f o r  t h e  c o n t r o l  o f  f i s h  v i r a l  d i s e a s e s  t o d a y .  These
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measures  l imit  the  spread  o f  in fect ion  and mainta in  those  f i sh

populat ions  ident i f i ed  as  be ing  IHNV-free .  Fishery managers are often

re luctant  to  exterminate  the ir  f i sh  s tocks  and thus ,  these  avai lab le

methods are not popular (Groberg and Fryer,  1983; Mulcahy, 1983).

McMichael (1974) developed an attenuated strain of  IHNV by

passing the Oregon Sockeye virus isolate of  IHNV from rainbow trout

repeatedly  on  s tee lhead  trout  ce l l  (STE-137)  at  18°C.  After 41

passages  under  these  condi t ions ,  the  v i ru lence  o f  the  v i rus  for

kokanee salmon fry was greatly reduced. Tebbi t  (1976)  tes ted  the

attenuated  v irus  by  water -borne  exposure  or  intraper i toneal  in jec t ion

of  sockeye  sa lmon f ry  or  kokanee  juveni les .  The attenuated IHNV

strain was 103 times less virulent than the parental wild type IHNV

stra in  in  a  water -borne  exposure  tests .  A  h igh  degree  o f  protec t ion

with  the  vacc ine  was  obta ined  25  days  a f ter  the  vacc inat ion .  Ninety

percent  or  more  o f  the  vacc inated  f i sh  were  protected  against  fata l

infection with the wild type virus by 48 hour water-borne exposure or

i n t r a p e r i t o n e a l  i n j e c t i o n .  I n  t h e  c o n t r o l , ninety percent or more of

unvaccinated fish succumbed to IHN disease (Fryer et al . ,  1976).

Amend and Smith (1974) also demonstrated that rainbow trout developed

protect ive  ant ibody  upon intraper i toneal  in jec t ion  o f  a  nonlethal  dose

of IHNV. Virus neutralizing antibody from immunized fish was also

s h o w n  t o  d e v e l o p  w i t h i n  5 4  d a y s  a f t e r  v a c c i n a t i o n .  Despite the

success  o f  the  at tenuated  vacc ines  in  sockeye  sa lmon,  at tenuated
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viruses  have  not  been  used  to  vacc inate  f i sh  at  the  hatcher ies .  The

r isk  o f  revers ion  to  v i ru lence  and  the  dependence  o f  i so lat ing  v i rus

for  d iagnost i c  purposes  have  l imited  the  use fu lness  o f  a t tenuated

vacc ines .

Coleman National Fish Hatchery on the Sacramento River in

Cal i fornia ,  has  success fu l ly  contro l led  IHNV morta l i ty  among chinook

salmon by holding infected salmon fry at elevated water temperatures

(Amend, 1970). At water temperatures above 15°C fish infected with

IHNV do not die. I t  i s  p o s s i b l e  t h a t  t h e  g r o w t h  o f  t h e  v i r u s  a t  t h i s

temperature is inhibited and the fish immune system is capable of

mounting a protective immune response before the onset of  massive

t i s s u e  n e c r o s i s .  Recently,  the Coleman Hatchery IHNV isolate was

shown to be temperature sensitive for growth. S ince , i t  i s  t h e  o n l y

iso late  that  i s  temperature -sens i t ive ,  th is  contro l  method  i s  not

u s e f u l  a t  o t h e r  h a t c h e r i e s .  The high cost of  heating hatchery water

i s  a lso  an  obvious d isadvantage .  The method does not eliminate the

carrier state and survivors of  an IHNV epizootic may transfer the

disease if shipped  to  o ther  areas  (Mulcahy ,  1983) .

VIII. Sero log ica l  and  Biochemica l  Propert ies

An immunological comparison between the Oregon sockeye virus, the

Sacramento River Chinook Salmon virus,  and the isolate from diseased

rainbow trout in British Columbia was conducted by McCain  et al .

(  971).     The results from reciprocal cross plaque neutralization tests 
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using  rabbi t  spec i f i c  serum against  each  v irus  indicated  that  Oregon

sockeye  v irus  was  ident ica l  wi th  the  ra inbow trout  i so late .

Sacramento River chinook virus was closely related to these two, but

n o t  i d e n t i c a l .

The  v irus  i s  e ther -sens i t ive  and wi l l  grow in  the  presence  o f  5-

bromo-deoxyuridine.  These properties suggest that IHN virus is a

l ip id -enve loped  RNA v irus  (Wingf ie ld  e t  a l . ,  1969) .  The RNA character

o f  the  v i ra l  genome was  determined  by  McCain  et  a l .  (1974) .  The

nucleic acid extracted from purified IHN virus was tested by the

orcinol  and phenylamine reaction, found to have the density of RNA in

ces ium sul fate , and  found to  be  r ibonuc lease  sens i t ive .

The  nonequimolar  rat io  o f  adenyl i c  and  ur idy l i c  ac id  content  o f

the viral RNA and its ribonuclease sensitivity suggested that the RNA

w a s  s i n g l e - s t r a n d e d  (McCain e t  a l . ,  1 9 7 4 ;  H i l l  e t  a l . ,  1 9 7 5 ) .  T h e

bul le t -shape  morphology  o f  the  v i rus  part i c le  under  e lec tron

microscopic  examinat ion ,  e ther  sens i t iv i ty ,  and  s ingle -s tranded RNA

character  o f  the  v irus  suggest  that  IHN virus  should  be  c lass i f ied  as

a member of the family Rhabdoviridae.

IX .  Character is t i cs  o f  the  v i ra l  prote ins  o f  Rhabdovir idae

There are two genera in the family Rhabdoviridae: Vesculovirus

(Ves icular  Stomat i t i s  v i rus  group)  and Lyssavirus  (Rabies  v irus

group)  . These  genera  are  d is t inguished  by  d is t inct  v i r ion  prote in

patterns which may be resolved in sodidum dodecyl sulfate
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polyacrylamide  gels (SDS-PAGE). The  Ves iculov irus  prote in  pattern

cons is ts  o f  one  large  po lypept ide  which  i s  the  po lymerase  L  (2 ,000

d a l t o n s ) , two forms of  a glycoprotein Gl and G2 (67,000 and 65,000

daltons),  a nucleoprotein N (50,000 daltons),  a matrix protein M

(29 ,000  dal tons ) ,  and  a  very  fa int  band o f  the  NS prote in  (45 ,000

d a l t o n s ) .  The  Lyssavirus  prote in  pattern  i s  found character is t i ca l ly

in  rab ies  v i rus  and  i s  composed  o f  the  po lym erase  L  (170 ,000  dal tons ) ,

two  forms o f  the  g lycoprote in ,  Gl and  G2 (70,500 and 65,000 daltons),

nucleoprotein  N (58,500 daltons),  and two matrix proteins,  Ml and M2

(39 ,500  and 25 ,000  dal tons )  (Cos let t  e t  a l . ,  1980) .

The virion protein pattern for IHNV has been characterized for

purified v irus  preparat ions  by  two  groups  o f  invest igators .

McAllister and Wagner (1975) estimated that the molecular weights of

the  f ive  v i r ion  prote ins  were  157 ,000  dal tons  for  the  po lymerase  L ,

72 ,000  for  the  g lycoprote in  G, 40 ,000  for  the  nuc leocaps id

phosphoprotein N, 25,000 for the matrix phosphoprotein Ml,  and 20,000

for  the  matr ix  prote in  M2. The G was shown to be a glycoprotein by

labeling  w i t h 3 H-glucosamine, and the N and Ml proteins were found to

he  phosphoprote ins  by  the  incorporat ion  o f  32P-orthophosphate.  This

report w a s  p a r t i a l l y  c o n f i r m e d  b y  H i l l  e t  a l .  ( 1 9 7 5 ) .  The molecular

weights  reported  by  these  invest igators  were  150 ,000  dal tons  for  L ,

9 3 , 0 0 0  f o r  G ,  5 5 , 0 0 0  f o r  N ,  4 0 , 0 0 0  f o r  Ml, a n d  3 5 , 0 0 0  f o r  M2. T h e

variation in  the  reported  s ize  o f  the  v i r ion  prote ins  may have
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r e s u l t e d  f r o m  v i r a l  s t r a i n  d i f f e r e n c e s  o r  d i f f e r e n c e s  i n  t h e  g e l

e lectrophores is  system.  Both groups agre ed that IHNV protein pattern

more closely resembled that of  rabies virus than VSV.

Two dimensional peptide  mapping of  iodinated proteins of  rabies

virus  suggested  that  L ,  N,  M1,  and M2 were unique gene products.  The

maps for G1 and G2 were identical  and indicated that they were derived

from the  same gene  product  (Cos let t  e t  a l . ,  1980) .  D i e t z s c h o l d  e t  a l .

(1979)  a lso  prov ided  ev idence  that  the  G1 and  G2 were  ident i ca l  and

indicated that they were derived from the same gene product (Coslett

e t  a l . ,  1 9 8 0 ) .  Dietzscho ld  e t  a l .  (1979)  a lso  prov ided  ev idence  that

the G1 contained 40% more carbohydrate than G2.

There for e  G1 exhib i ted  a  s lower  e lec trophoret i c  mobi l i ty  on  SDS-

PAGE and an apparently higher molecular weight. Differences between

the  two  G prote ins  re f lec ted  the  d i f ferent  degrees  o f  g lycosy lat ion .

The approximate number of  protein molecules per virion has been

d e t e r m i n e d  ( C o s l e t t  e t  a l . ,  1 9 8 0 ) .  Addi t ional  nonstructural  virus-

s p e c i f i c  p r o t e i n s  w e r e  n o t  o b s e r v d  ( C o s l e t t  e t  a l . ,  1 9 8 0 ) .

There  are  three  major  s ize  c lasses  o f  RNA in  rabies  in fected

c e l l s :  42S virion RNA, 30S RNA and a heterogeneous class of RNA from

12S to  16S.. The 30S and 12S to 16S RNA's were separated by acid-urea

agarose  ge l  e lec trophores is  into  5  bands .  A wheat germ cell-free

translation system was used to translate the RNA bands 3,  4,  and 5

into polypeptides which co-migrated on SDS-PAGE with the rabies virion
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p r o t e i n s  N ,  M1, and M2 (P e n n i c a  e t  a l . ,  1 9 8 0 ) .  Rabies 30S RNA

directed  the  synthes is  o f  a  large  po lypept ide  which  co -migrated  with

the L-prote in  f rom rabies  v irus .  The P60 polypeptide was synthesized

from RNA band 2 and it  migrated faster than either G1 or G2. The

peptide  p a t t e r n s  o b t a i n e d  a f t e r  p r o t e o l y s i s  o f  G 1 ,  G 2  a n d  P 6 0  s h o w e d

t h a t  P 6 0  a n d  G 2  w e r e  i d e n t i c a l .  The patterns showed that G1 was

similar to G2 and P60, but contained 2 to 3 additional fragments

( C o s l e t t  e t  a l . ,  1 9 8 0 ) .  Rabies virus proteins appeared to be derived

from the  trans lat ion  o f  independent ly  t ranscr ibed  monoc is tronic

messenger RNA molecules.

Two forms o f  the  g lycoprote in ,  Gl  and  G2,  appear  in  ves icu lar

s t o m a t i t i s  v i r u s  ( V S V )  i n f e c t d  c e l l s  ( K n i p e  e t  a l . ,  1 9 7 7 ) .  VSV mRNA

spec ies  have  been  reso lved  into  4  bands  by  e lec trophores is  on

formamide-polyacrylamide gels.  These mRNA species were complementary

to the genome RNA and contained tracts of  poly (A).  VSV mRNA from 3

of 4 bands have been eluted from formamide-polyacrylamide gels and

t r a n s l a t e d  i n  t h e  K r e b s  I I  a s c i t e s  c e l l - f r e e  t r a n s l a t i o n  s y s t e m .  Band

2  mRNA (0 .7  x  106  da l tons )  d i rec ted  the  synthes is  o f  the  prote in

moiety  o f  the  g lycoprote in  (G)  and  3  (0 .55  x  106 da l tons )  d i rec ted  the

s y n t h e s i s  o f  t h e  N p r o t e i n .  Ran d 4  mRNA (0 .28  x  106 da l tons )  coded

for  NS  and M prote ins  (Knipe  e t  a l . ,  1975) .  These results were

consistent with measurements of  the viral genome size by complexity

analysis and the coding capacities for th e VSV mRNAs (Rose and Knipe,

1975; B o t h  e t  a l . ,  1 9 7 ) .
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The order of  genes on the VSV genome is '3-N-NS-M-G-L-5'  (Ball

and White,  1976).  i t  has  been  shown that  t ranscr ipt ion  i s  sequent ia l

f r o m  t h e  3 '  t o  t h e  5 ' end of  the genome (Ball  and White,  1976).  The

gene  order  on  the  rabies  v i rus  genome is  s imi lar  with  3'-N-Ml-M2-L-5'

(Flamand and Delagneau, 1978). The gene order of the IHNV genome has

not been determined.

A v ir ion  transcr iptase  ex is ts  in  a l l  rhabdoviruses .  The  act iv i ty

of this enzyme has been demonstrated in purified virions of  VSV

( B a l t i m o r e  e t  a l . , 1970; Moyer and Banerjee,  1975),  rabies virus

(Kawai,  1977),  and IHNV (McAllister and Wagner,  1977).  The

concentrat ion  o f  detergent  required  to  re lease  the  v i r ion  nuc leocaps id

for  t ranscr ipt ion  i s  h igher  in  rabies  than in  VSV.  The optimal

t e m p e r a t u r e  f o r  i n  v i t r o  t r a n s c r i p t i o n  o f  f i s h  v i r u s e s  w a s  18°C f o r

IHNV and 15°C for VHS, whereas it is 30°C for VSV and Rabies

(McAllister and Wagner,  1977).
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INTRODUCTION

Infectious hematopoietic necrosis (IHN) disease has become an

increas ingly  ser ious  problem for  hatchery  ra ised  sa lmon and trout  in

the United States.  Prior to 1980 the IHN virus was isolated

sporadically at only a few hatcheries in the Columbia River basin

(CRb) ( M u l c a h y  e t  a l . ,  1 9 8 0 ) .  From 1980 to 1981, a dramatic increase

o f  IHN disease  was  observed  in  f i sh  at  CRb hatcher ies .  Estimated

losses  o f  f i sh  to  th is  v i ra l  agent  increased  more  than twenty- fo ld

from 1980 to 1981 and forty-fold from 1980 to 1982 (Groberg and Fryer,

1983).

Quarantine and complete destruction of  infected fish and eggs are

currently used to control  the spread of  IHN disease (Groberg and

Fryer ,  1983) .  Since these measures are costly and taken with great

re luctance , the decision to destroy the resource must be based on an

accurate and rapid diagnostic method for IHN virus.  Present

diagnost i c  procedures  for  IHN re ly  pr imari ly  on  c lass ica l  methods  o f

v i r u s  i s o l a t i o n  i n  t i s s u e  c u l t u r e  a n d  v i r u s  i d e n t i f i c a t i o n  b y  s e r u m

n e u t r a l i z a t i o n .  The confirmation of IHN infection may take as long as

e ight  weeks  (Mulcahy  et  a l .  1980 ;  Leong  et  a l . ,  1983) .  Since IHN

disease  can  spread  quick ly  and  k i l l  up  to  90% o f  the  f i sh  with in  two

to three weeks, a more rapid method for the diagnosis of  IHN is

d e s i r a b l e .
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We have  invest igated  severa l  methods  for  detect ing  v irus  in

tissue samples and report here a comparison of  those methods util izing

serum neutra l izat ion  o f  the  IHN virus , r a d i o a c t i v e - l a b e l i n g  o f  t h e

v i r u s - s p e c i f i c  p r o t e i n s , and immunolog ica l  detect ion  o f  v i rus -spec i f i c

p r o t e i n s  i n  p r o t e i n  b l o t s .  Less than 1 ng of virus protein was

d e t e c t e d  b y  t h e  r a d i o l a b e l i n g  o f  v i r u s - s p e c i f i c  p r o t e i n s .

The development of an immunological assay for IHNV was made

poss ib le  wi th  the  f inding  that  rabbi t  ant i - IHN sera  does  b ind

e f f i c i e n t l y  t o  t h e  v i r u s  d e s p i t e  i t s  p o o r  n e u t r a l i z i n g  a c t i v i t y .  T h e

binding of  antibody to IHN virus on protein blots was detected with

e i t h e r 125 Iodine-labeled Staphylococcus aureus Protein A ( 125I - P r o t .

A) or horse radish peroxidase-conjugated goat anti-rabbit gamma

g l o b u l i n  s e r a  ( P e r - a n t i - r a b .  IgC) ( F i g u r e  1C). Both reagents produced

p r o t e i n  blots o f  e q u a l  i n t e n s i t y .  The immunological detection of

v irus  prote ins  o f fered  advantages  in  cost ,  accuracy ,  speed  and,  in  the

c a s e  o f  t h e  P e r - a n t i - r a b .  I g G  r e a g e n t , the  s tab i l i ty  and  ease  in

handling of  a nonradioactive compound. The immuno-protein blots also

yielded in format ion  about  the  immunolog ica l  re latedness  o f  d i f ferent

I H N V  i s o l a t e s .
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F i g u r e  1C. Schematic Diagram of Immunoblot Assay
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MATERIALS AND METHODS

Cell  and Viruses

Chinook salmon (Oncorhynchus tschawytscha) embryo cells (CHSE-

214) were obtained from Dr. J. L. Fryer, Department of  Microbiology,

Oregon State  Univers i ty ,  Corval l i s ,  Oregon.  CHSE-214 cells were grown

in minimum essential media (MEM) in Earles' salts (Autopow MEM, Flow

Laboratories)  supplemented with newborn bovine serum to 10%, glutamine

t o  1 0  mM, p e n i c i l l i n  t o  5 0 0  u n i t s / m l , and streptomycin to 500 ug/ml.

Infect ious  hematopoiet i c  necros is  v i rus  was  i so lated  f rom f i sh

t issue  samples  taken dur ing  IHNV epizoot i cs  at  severa l  l ocat ions  in

Alaska, Washington, Oregon and California. The virus was isolated and

propagated on Epithelioma papillosum cyprini (EPC) cells (Tomasec and

F i j a n ,  1 9 7 1 ) .  V irus  required  for  sod ium dodecy l  su l fate -

polyacrylamide gel electrophoresis (SDS-PAGE) studies was grown on

CHSE-214 cells.

V i r u s  P u r i f i c a t i o n

Virus was gro wn in 150 cm2 plastic t i s s u e  c u l t u r e  f l a s k s

(Corning) .  Ce l l  monolayers  were  in fected  at  a  mult ip l i c i ty  o f

in fect ion  (MOI)  o f  0 .001  p laque  forming  un i ts  (PFU) /ce l l  and  incubated

a t  1 6 ° C  f o r  7  d a y s .  The  cu l ture  f lu id  was  harvested  and the  ce l l

debris was removed by centrifugation at 4000 x g for 10 min at 4°C.

Al l  the  fo l lowing  procedures  were  conducted  at  0 -4°C.  The  supernatant

fluid was layered onto a 0.3 ml pad of  100% glycerol  and centrifuged
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in a Beckman SW 27 rotor for 90 min at 80,000 x g. The  v irus  pe l le t

was resuspended in STE buffer (0.15 M NaCl;  0.01 M Tris-HCl,  pH 8.3;

9 .01  M Ethylene-d iamine- tetracet i c  ac id  (EDTA) ,  pH 7 .0 )  and  10  ml  o f

the virus suspension was recentrifuged through a discontinuous

gradient composed of 50% sucrose-STE, 7 ml; 35% sucrose-STE, 10 ml;

and 20% sucrose-STE, 10 ml. Af ter  centr i fugat ion  in  the  SW 27  rotor

for 90 min at 80,000 x g, the virus band was collected from the

interphase between the 20% and 35% sucrose layers. The virus

suspension was concentrated by centrifugation in a Beckman SW 50.1

rotor  at  150 ,000  x  g  for  30  min .  The  resul t ing  v irus  pe l le t  was

resuspended in STE and then centrifuged through a continuous gradient

of 5% to 30% sucrose-STE in a Beckman SW41 rotor at 48,000 x g for 30

min. The resulting virus band was pelleted in SW41 rotor for 1 h at

150,000 x  g .  The pellet was resuspended in SDS-denaturing

e l e c t r o p h o r e s i s  b u f f e r .

Immunization____

Purified IHNV was emulsified with (1.05 mg in 1.5 ml STE) an

equal volume of complete Freund's adjuvant;  2.4 ml of  the mixture were

in jected  subcutaneous ly  into  a  rabbi t  in  3  s i tes  in  the  neck  reg ion

and 0 .3  ml  o f  the  mixture  were  in jec ted  into  each  h ind  foot  pad .

Immunization by this method was repeated at day 30. At 2, 3 and 4

weeks  fo l lowing  the  f i rs t  immunizat ion , the antibody titer was

measured by examining the binding of 125 I - p r o t e i n  A  t o  s e r i a 1 1 y
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diluted sera which was adsorbed to IHN virus bound to the bottom of

wel ls  in  a  microt i ter  p late  (See  Ant ibody  Ti trat ion  by  So l id  Phase

Direct  Binding  o f 125I-Protein A, Materials and Methods).

In fect ious  Hematopo iet i c  Necros is  Virus  Infected  Cel l  Lysate

Confluent CHSE-214 cell monolayers in 35 mm petri dishes

(Corning) were infected at an MOI  o f  5 -10  TCID50/ml  in  0 .1  ml  o f  MEM

supplemented with 2% dialyzed fetal bovine serum (GIBCO) (MEM-2d).

Virus  was  adsorbed  for  1 h  at  16°C,  d i luted  with  2  ml  o f  MEM-2d and

the  ce l l s  were  incubated  at  16°C.  Fo l lowing  30-40  h ,  the  t i ssue

culture fluid was removed and the monolayers were washed twice with

1.0 ml of  phosphate buffered saline (PBS) (0.135 M NaCl,  0.008 M

Na2HPO4, 0.0015 M KH2PO4, 0.0027 M KC1).  The cells were lysed with

100 of lysing buffer (9.5 M urea, 2% Nonidet P-40, 5% 2-

mercaptoethanol)  and the lysates were stored at -70°C in screw-capped

p l a s t i c  v i a l s .

Po lyacry lamide  ge l  e lec trophores is

Cell  lysates were prepared by mixing with a solution of  10% SDS

and 100% glycerol to give final concentrations of  2.5% SDS, 10%

g l y c e r o l , 1% Nonidet P-40, 2.5% 2-mercaptoethanol  and 4.75 M urea.

The SDS-treated samples were boiled for 2 min and then loaded on the

ge l  immediate ly  or  s tored  at  -20°C.  The electrophoresis was performed

as described by Laemmli (1970) using a 10% acrylamide slab gel (10 cm

th a 4.75% acrylamide stackingx 8.2 cm x 0.8 mm min i ge l  system)  wi
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g e l  (Matsudaira and Burgess, 1 9 7 8 )  i n  T r i s - g l y c i n e  b u f f e r .  Gels were

s u b j e c t e d  t o  a n  e l e c t r o p h o r e t i c  c u r r e n t  o f  2 0  m A / g e l  u n t i l  t h e

bromephenol blue dye marker reached the bottom.

Contact  Di f fus ion  Blot t ing__

Fol lowing  e lec trophores is , contact  d i f fus ion  b lot t ing  was  used  to

transfer  the  prote in  to  n i troce l lu lose  membranes  (Bowen,  Ste inberg ,

Laemmli and Weintraub, 1980).  The gels were soaked in immersion

buffer (50 mM NaCl, 2 mM EDTA, 10 mM Tris-pH 7.4,  0.1 mM

dithiothreitol ,  4 M urea) and shaken at room temperature for 1 h.  The

gel was sandwiched between prewetted sheets of  nitrocellulose in

t r a n s f e r  b u f f e r  ( 5 0  m M  N a C l , 2  m M  E D T A ,  1 0  m M  T r i s - p H  7 . 4 ,  0 . 1  m M

dithiothreitol)  and shaken for 24 h at room temperature.  The transfer

buffer was changed twice during the shaking. Fo l lowing  prote in

transfer , the sandwich was dismantled and the nitrocellulose membranes

were immersed at a 45° angle in blocking solution (5% BSA-PBS) and

shaken for 1 h at room temperature. The  resul t ing  prote in  b lots  were

then developed with the 1 2 5 I - P r o t .  A  o r  P e r - a n t i - r a b .  IgG.

125I-Protein A Binding Assay________________________ _________

Following  b locking , the nitrocellulose membranes were rinsed

br ie f ly  in  PBS, p laced  into  a  conta iner  o f  rabbi t  ant i - IHN v irus  sera

(1:100 dilution in 5% BSA-PBS) and gently shaken  at 4°C overnight.

The membranes were washed twice with PBS containing 0.05% Nonidet P-40

for 10 min, rinsed with PBS, and placed into a PBS solution containing
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105 counts per min of 125I-protein A from Staphylococcus aureus (New

England Nuclear) and shaken at 4°C for 4 h. A f t e r  t h e  l a b e l i n g ,  t h e

membranes were rinsed as described above, and blotted dry on Whatmann

3 MM filter paper.  The membranes were then wrapped in polyethylene

film (Handi-Wrap) and exposed to X-Omat AR X-ray film (Kodak) with an

intens i fy ing  screen  at  -70°C for  12-14  h .

Peroxidase Conjugate Staining

The  prote in  b lo ts  were  deve loped  in  a  so lut ion  conta in ing  rabbi t

ant i - IHN virus  serum which  had been d i luted  l00 - fo ld  in  a  so lut ion  o f

T r i s - b u f f e r e d  s a l i n e  ( T B S )  ( 2 0  m M  T r i s - p H  7 . 5 ,  5 0 0  m M  N a C l ) ,__

containing 1% gelatin (BioRad)  and gently shaken overnight at 4°C.

The membranes were rinsed briefly with deion ized distil led water and

then washed  twice  with  TTBS (20  mM Tris  pH 7 .5 ,  pH 7 .5 ,  500  mM NaCl ,

0.05% Tween-20 for 10 minutes. The membranes were transferred to a

so lut ion  conta ining  Per -ant i - rab .  IgG ( B i o - R a d )  (1:2000  d i l u t i o n  i n  1 %

gelatin-TBS) and Incubated for 1  h  wi th  gent le  ag i tat ion .  Following

the  second  ant ibody  so lut ion , the membrane was rinsed as described

above.  Next, the blots were immersed in fresh1.y  prepared horse radish

peroxidase color development solution (60 mg 4-chloro-1-naphthol in 20

ml cold methanol plus 60 ul cold 30% H202 in TBS, Bio-Rad Immun-Blot

Assay Kit) , shaken for 30 min until  the purple bands or dots appeared,

and washed with deionized disti l led water.  The membranes were

photographed immediately because some fading of  the stain occurred in

l-2 weeks.
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Antibody Titration by Solid Phase Direct Binding:  125I-Protein A

A solid phase direct binding assay was used to measure the

binding of anti-IHN virus antibody to IHN virus. Purified IHN virus

WHS diluted to 2-8 ug/ml protein in PBS and 50 ul portions were added

t o  wells o f  p o l y v i n y l  m i c r o t i t e r  p l a t e s  ( C o s t a r ) .  The  v irus  prote in

was al lowed to  incubate  in  the  wel l  f or  12-14  h  in  a  humidi f ied  37°C

incubator. The virus prote in -conta in ing  wel l s  were  then  treated  with

5% BSA (RIA grade, Sigma Co.)  in PBS at 37°C in a CO2 incubator for 2

h. Antibody from a two--fold series dilution in 1% BSA in PES was

placed  i n t o  e a c h  w e l l . Af ter  incubat ion  at  37°C for  45  min ,  the  wel ls

were washed extensively.  Bound anti-IHN antibody was detected by

 125adding 105 cpm of     L-protein A to each well  and incubating the

m i c r o t i t e r  p l a t e  f o r  an a d d i t i o n a l  4 5  m i n .  The plate was washed free

o f u n b o n d 125T-protein A and subjected to autoradiography.

Antibody  Ti trat ion  by  So l id  Phase  Direct  Binding :   Perox idase-_____________________________________

con jugated  Sera

The "dot blot"" was prepared as described by Hawkes, Niday, and

Gordon ( 1 982 ) . The nitrocellulose membrane was cut into the

appropr iate  size (12 .3  cm x 15 .8  cm)  for  the  Hybr i -dot  apparatus

(Bethesda Research Laboratories).  The membrane was prewetted with TBS

and placed on f i l t e r  p a p e r  f o r  a i r  d r y i n g  f o r  5  m i n .  Then, the

membrane was put into the Hybri-dot apparatus for sample

application.   Five microliters of purified IHN virus (2-8 ug/ml
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protein) in PBS was applied to the surface of  the membrane in the

wells created by the Hybri-dot apparatus and air dried.  Following

binding  o f  v i rus  prote in , the  membrane  was  immersed  in  3% ge lat in -TBS

for 1 h to block any remaining unbound sites.  The membrane was

treated then with rabbit anti-IHN virus antibody serum and Per-anti-

r a b .  IgG. The membrane was developed as described above.
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RESULTS

Antibody Titer Determined by Solid Phase Direct Binding or Dot Rlot__________________________________________

Peroxidase S t a i n i n g_____

It  was  prev ious ly  found that  rabbi t  ant isera  prepared  against  IHN

v i r u s  h a d  n e u t r a l i z a t i o n  t i t e r s  o f  1:250  o r  l e s s  ( L e o n g  e t  a l . ,

1983).  However, our  pre l iminary  s tudies  indicated  that  the

neutralization test does. n o t  q u a n t i t a t e  t h e  a n t i - v i r a l  a n t i b o d i e s  i n  a

sensitive and reproducible manner.  I n  o u r  e f f o r t  t o  f i n d  a n

alternativeetest we found that antisera with a 50% plaque

n e u t r a l i z a t i o n  t i t e r  o f 1:250 e x h i b i t  a  t i t e r  o f  g r e a t e r  t h a n  1 : 3 2 , 0 0 0

b y  s o l i d  p h a s e  d i r e c t  b i n d i n g  a s s a y .  I n  t h i s  p a r t i c u l a r  a s s a y ,  t h e

antigen-antibody complex was detected by the binding of  125I-labeled

prote in  A  (Figure  I LR) .  Another lot of  antisera with a 50% plaque

n e u t r a l i z a t i o n  t i t e r  o f  1 : 3 2  w a s  f o u n d  t o  h a v e  a  t i t e r  o f  1 : 4 , 0 9 6  i n  a

solid phase direct binding assay which was developed with Per-anti-

rab. IgG (Figure I 1A).  For both assays, the  b inding  ant ibody  t i ter

was 128-fold h igher  than the  50% plaque  neutra l izat ion  t i ter

Detect ion  o f  in fect ious  Hematopoiet i c  Necros is  Vira l  Prote ins  by___________________________________

125 I-protein A or Peroxidase-conjugated Antisera Binding_________________________________

Two different methods o f  d e t e c t i n g  v i r a l  p r o t e i n s  i n  c o n t a c t

d i f f u s i o n  b l o t s  were  examined  with  rabbi t  ant isera  ra ised  against

. pur i f ied  IHNV (Figure  2 ) .  A  po lyacry lamide  ge l  conta in ing  lanes  o f
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increasing concentrations of  IHNV protein was subjected to

electrophoresis as described in Materials and Methods. I d e n t i c a l

prote in  d i f fus ion  b lo ts  o f  th is  s ing le  ge l  were  prepared  by  creat ing  a

sandwich of  the gel between two nitrocellulose membranes.  Each

membrane was treated with the same lot and dilution of  rabbit anti-IHN

virus sera. Then, one membrane was developed with 125I-labeled

protein A and the other membrane was treated with Per-anti-rab. IgG.

The  f ive  s tructural  prote ins  o f  IHN v irus  were  ident i f ied  and

des ignated  as  L  (po lymerase ) ,  G  (g lycoprote in ) ,  N (nuc leocaps id

phosphoprotein), Ml  (matr ix  phosphoprote in ) ,  and  M2 (matr ix  prote in )

( M c A l l i s t e r  a n d  W a g n e r ,  1 9 7 5 ;  L e o n g  e t  a l . ,  1 9 8 1 ) .  I t  i s  c l e a r  t h a t

the  l imits  o f  detect ion  for  both  methods  are  ident i ca l .  A l l  f i v e

v ira l  prote ins  were  detected  at  2  ug  o f  v i rus  prote in  (F igure  3A and

3B). The major viral proteins,  G, N, and M1, were detected by both

methods at a lower l imit of  10 ng of  total viral protein and N was

detected  at  2 .5  ng  o f  v i rus  prote in .  The  d i f ferences  in  detect ion  o f

the  v i ra l  prote ins  re f lec t  the  re lat ive  amount  o f  each  prote in  in  the

virion (Hsu and Leong, in preparation).

Strain Typing by 125I-Protein A and Peroxidase Staining

Poor  neutra l izat ion  t i ters  o f  rabbi t  ant isera  to  IHN virus  have

made  the  detect ion  o f  s tra in  var iat ion  in  IHN virus  d i f f i cu l t .  Thus,

a method of typing IHN virus strains was developed by comparing the

virion protein patterns of  different isolates of  IHN virus by SDS-PAGE
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(Leong et a l . ,  1 9 8 1 ) .  Major strain differences were noted in N and G

proteins. However, the SDS-PAGE method required that the virus sample

be taken when 70% of the cell  monolayer exhibited virus-induced CPE.

T h i s  r e q u i r e m e n t  r e s u l t s  f r o m  t h e  f a c t  t h a t  h o s t  c e l l u l a r  p r o t e i n

s y n t h e s e s  i s  n o t  i n h i b i t e d  u n t i l  l a t e  i n  t h e  i n f e c t i o u s  p r o c e s s .

T h u s ,  t h e  s y n t h e s e s  o r  c e l l u l a r  a n d  v i r a l  p r o t e i n s  i n  e a r l y  i n f e c t i o n

c a n n o t  b e  e a s i l y  d i s t i n g u i s h e d  b y 35 S-methionine  labe l ing .

The detection o f  v iral  p r o t e i n s  b y  s p e c i f i c  i m m u n e  s e r a

eliminates the problem of background host protein synthesis.

Intrace l lu lar  v i rus -spec i f i c  prote ins  were  d is tr ibuted  in  ge ls  by  SDS

gel electrophoresis and then transferred to nitrocellulose membranes

as descr ibed  prev i ous ly .   The  resul t ing  protein blots were then bathed

i n  a  s o l u t i o n  c o n t a i n i n g  r a b b i t  a n t i-IHN v i r u s  s e r a .  The protein

blots were subsequently developed with Per-anti-rab. IgG or 125I-Prot.

A  a s  d e s c r i b e d  i n  F i g u r e  3 .   T h e  v i r a l  p r o t e i n s ,  G ,  N ,  a n d  M l ,  w e r e

clearly detected by this technique (Figure 4A and 4B). The background

of  host  prote insyntheses  was  v ir tual ly  e l iminated  by  preadsorb ing  the

rabbit anti-IHN virus sera w i t h  u n i n f e c t e d  CHSE-214  c e l l s  p r i o r  t o

use.  The apparent differences in background shown for the peroxidase

sta ined  ge l  versus  the  125I -Prot .  A  s ta ined  ge l  were  the  resul t  o f

using two different lots of anti-IHNV sera. The sera used with the

125I -Prot .  A  s ta ined  ge l  was  not  adequate ly  adsorbed  with  uninfected

cells.
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It is  apparent that the protein blotting technique may be used to

type  d i f ferent  s tra ins  o f  IHNV (Figure  4 ) .  We have confirmed our

prev ious  s tudies  wi th  35S methionine labe l ing  in  the  typ ing  o f  the

d i f f e r e n t  s t r a i n s  o f  I H N  v i r u s  (Leong e t  a l . ,  1 9 8 1 ) .
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DISCUSSION

F o r  many v i r o l o g i c a l  s t u d i e s , t h e  t r a n s f e r  o f  v i r a l  p r o t e i n s  t o

ni troce l lu lose  paper  and  the  loca l i zat ion  o f  these  prote ins  wi th

spec i f i c  l igands  i s  rapid ly  deve lop ing  as  an  important  research  too l

(Towbin, Stahelin and Gordon, 1979; Bittner,  Kupferer and Morris,

1980; Bollum  and Chang, 1981; Burnette, 1981; Symington, Green and

Brackmann, 1981; Legocki and Verma, 1981; Ramirez, Bonilla, Morino and

Leon,  1983) .  We report  here  the  appl i cat ion  o f  th is  technique  in  the

detect ion  o f  IHN virus .

L o c a l i z a t i o n  o f  v i r u s - s p e c i f i c  p r o t e i n s  i n  g e l s  b y  r e a c t i o n  w i t h

immune sera and subsequent detection of  the reacted antibody with

125 I - P r o t . A  or  Per -ant i - rab . IgG y i e l d e d  r e s u l t s  o f  e q u a l  s e n s i t i v i t y

(Table  2 ) .  The sensitivity of  the assay was determined by the anti-

IHNV antibody titer and not by the developing reagent,  i .e.  125-Prot.

A  o r  P e r - a n t i - r a b .  IgG. Approx imate ly  10  ng  o f  to ta l  v i rus  prote in

was detectable with immune sera. The minimum level of  detection

o b t a i n e d  b y  r a d i o a c t i v e  l a b e l i n g  o f  v i r u s - s p e c i f i c  p r o t e i n s  w i t h 35S-

methionine was much lower. Less than 1 ng of virus protein was

detected with 35S-methionine ( T a b l e  2 ) .  Although the radioactive

labe l ing  requires  less  t ime for  complet ion  o f  the  assay  (F igure  2 ) ,

the radiolabeling method is not useful until  70% CPE is observed in

the  monolayer  o f  in fec ted  ce l l s .  The background of host protein

synthes is  i s  not  reduced  suf f i c ient ly  unt i l  70% CPE in  the  cul ture  has
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been reached. This requirement is not necessary with assays employing

specific immune sera.

Previous ly , the major detraction in the use of  immune sera for

the  detect ion  o f  IHN v irus  had  been  the  poor  neutra l iz ing  t i ter  o f

rabbi t  ant i - IHN virus  sera .  This problem has been eliminated by the

fact  that  rabbi t  ant isera  does  have  a  h igh  ant ibody  b inding  t i ter .

Moreover, methods employing specific binding of anti-IHN virus

antibody may be used to characterize the IHN virus strains (Figure

4) .   Immune sera  wi l l  detect  v i rus -spec i f i c  prote ins  in  prote in  b lots

a t  e a r l y  t i m e s  i n  i n f e c t i o n .  A s  s o o n  as  2 -3  hours  a f ter  in fec t ion ,

f i s h  c e l l s  w i l l  b e g i n  t o  s y n t h e s i z e  t h e  v i r a l  N - p r o t e i n .  The G-

protein will  appear at approximately 9-10 h postinfection (Leong, Hsu

and Engelking, 1983).  S ince  s tra ins  are  d i f ferent iated  on  the  bas is

o f  the  e lec trophoret i c  mobi l i ty  o f  N and G-prote ins  in  SDS-ge ls ,  i t

should be possible to make an early diagnosis and strain

ident i f i cat ion  o f  IHN virus  (Figure  3 ) .

A  c lose  examinat ion  o f  the  prote in  b lo t  deve loped  wi th  rabbi t

anti-IHN serum revealed that the G, N, and Ml proteins were readily

demonstrated. However, L and M2 proteins were not as readily detected

(Figures 3 and 4).  The missing L-protein in these protein blots may

be  expla ined  by  the  fact  that  large  prote ins  are  not  t rans ferred

ef f i c ient ly  f rom ge l  to  n i troce l lu lose  membrane  (Burnette ,  1981) .

Also , the  re lat ive  number  o f  L-prote in  molecules  per  v i r ion  i s  very
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small .  There are approximately 40 L-molecules per virion as compared

to 560 N-molecules per virion (Leong, Hsu and Engelking, 1983).

F inding  a  sui table  explanat ion  for  the  miss i ng  M2 protein in

F i g u r e  3  i s  m o r e  d i f f i c u l t .  There are approximately 900 M2 molecules

per IHN virion and t hus, M2 is the most numerous  v ir ion  prote in

(Leong,  Hsu and Engelking, 1983).  We have shown that M2 does transfer

to  n i troce l lu lose  membranes  e f f i c ient ly  by  fo l lowing  the  transfer  wi th

Coomassie b l u e  s t a i n i n g .  I t  seems that  the  ant isera  does  not  detect

M2 as efficiently as G, N, and M1 proteins.  In Figure 3A and 3B, M2

is detected at a minimum virion protein concentration of  200 ng

whereas  M1 and C arereadi ly  detected  at  a  v i r ion  prote in

c o n c e n t r a t i o n  o f  10 n g .  There  i s  a  20 - fo ld  d i f ference  in  the  apparent

leve l  o f  detec t ion  f or  the  M2 prote in  and the  G,  N,  and Ml  prote ins .

i f  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  e a c h  p r o t e i n  t o  t h e  t o t a l  v i r i o n

prote in  concentrat ion  i s  taken into  account ,  that  d i f ference  i s  even

g r e a t e r .  These  resul ts  may indicate  that  the  M2 prote in  i s  less

immunogenic and therefore it  does not induce a strong binding antibody

reaction. Another explanation may be that the small  M2 protein is

s u f f i c i e n t l y  d e n a t u r e d  i n  t h e  p r o t e i n  b l o t s ,  t h a t  i t  i s  n o  l o n g e r

recognized  e f f i c ient ly  by  the  rabbi t  ant ibody  (Burnette ,  1981) .

A comparison of d i f f e r e n t  I H N  v i r u s  s t r a i n s  b y  d e t e c t i n g  v i r i o n

p r o t e i n s  w i t h  i m m u n e  s e r a  h a s  s e v e r a l  o t h e r  u s e s .  T h e  t e c h n i q u e

allows us to compare the immunologic relatedness of  the different IHN
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v i r i o n  p r o t e i n s .  It iss c lear  that  a l l  N and M1 prote ins  are  c lose ly

r e l a t e d  ( F i g u r e  4 ) .  However, there  are  d i f ferences  in  the  s ta in ing  o f

the  G-prote in .  Antisera to the Round Butte strain of IHNV did not

light up the G-protein for the IHNV strain isolated in pink salmon

from Tamgas  Creek ,  Alaska  (Leong  et  a l . ,  1981) .  This  resul t  suggests

that this isolate may be antigenically different from the other IHNV

i s o l a t e s .  However, a more complete study is required before these two

iso lates  are  c lass i f ied  as  separate  immunolog ica l  groups .
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SDS-PAGE
GEL OF VIRUS-INFECTED
CELL PROTEINS

TRANSFER PROTEINS
TO NITROCELLULOSE
MEMBRANE

STEP 1 STEP 2

SOAK IN BLOCKING
SOLUTION
(BSA blocks non-
s p e c i f i c  b i n d i n g
of  ant ibody  in
Step 2)

SOAK IN RABBIT WASH
ANTI-IHNV  IMMUNE
SERA SOLUTION

L

G

STEP 3

AUTORADIOGRAM OR PEROXIDASE STAIN

STEP 4

DEVELOP WITH:

A. 125  I -S .aureus
A prote in .

o r
B .  Peroxidase-

conjugated
g o a t  a n t i -
r a b b i t  IgG.

F i g u r e  1A. Schematic Diagram of Immunoblot Assay
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LEGENDS

Figure 1. Titration of Anti-IHN virus sera by Solid Phase Direct

Binding Assay. S e r i a l  t w o - f o l d  d i l u t i o n s  o f  r a b b i t  a n t i -

IHN virus sera was added to wells containing purified IHN

virus  bound to  the  bot tom o f  microt i ter  p lates  or  to

nitrocellulose membranes as described in Materials and

Methods. The bound antibody was detected with Per-anti-

r a b .  IgG i n  A  or 125I-prot.  A in B. The arrows indicate

the  last  d i lut ion  o f  the  ant isera  which  produces  a  pos i t ive

a s s a y .  I n  A ,  t h e  l a s t  d i l u t i o n  i s  1 : 4 , 0 9 6 .  I n  B ,  t h e  l a s t

d i l u t i o n  i s  1 : 3 2 , 7 6 8 .
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Figure 2. A comparison of  the time required to complete each assay

for IHN virus. A detailed account of  each assay is

described in the Materials and Methods.
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TIME REQUIREMENTS FOR ASSAYS-
IHNV INFECTED CELLS

30 h incubation 9 h incubation

I
at 16°C at 16°C

I
35

S-methioninea

1 h,  16°C

I
Cell lysis with

Lysing Buffer

1  h

I

Cell Lysis

with Lysing Buffet

1 h

I
SDS-PAGE

2 h

F i x  i n  M e t h a n o l -

Acetic Acid

1 h

I

Transfer  to

Nitrocellulose

24 h

Wash in H20
1 h

I
X-Ray Film

12 h

Rabbit A n t i - I H N V  sera
12 h

I
develop                                                                                                     125I-Pr

1.5 h Staining, 4  h

12 h

Develop

I
48 HOURS 51.5 HOURS 66 HOURS

RADIOACTIVE LABELING IMMUNO-PEROXIDASE 125I-PROTEIN A

PROTEIN BLOT PROTEIN BLOT

_______

a35S-methionine labeling as described by Leong et al., 1981
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Figure  3 .  A comparison of  protein blots developed with 125I-Prot.  A

and with  Per -ant i - rab .  IgG reagents .  Di f ferent

concentrat ions  o f  pur i f ied  IHN v irus  were  sub jected  to  SDS-

PAGE. A f t e r  e l e c t r o p h o r e s i s ,  i d e n t i c a l  p r o t e i n  b l o t s  w e r e

prepared from the same gel as described in Materials and

Methods. The virus protein concentration in each lane were

a s  f o l l o w s :  a . 2  u g ,  b . 1  u g ,  c . 2 0 0  n g ,  d . 1 0 0  n g ,  e . 5 0

ng, f.10 ng, g.5 ng, h.2.5 ng, i.0.5 ng. A. Protein

bands were developed with horse radish peroxidase-

conjugated  goat  ant i - rabbi t  gamma g lobul in  sera .  B .

Protein bands were developed with 125I-labeled Protein A.
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Figure  4 .  A  compar ison  o f  d i f ferent  s tra ins  o f  IHN v irus  with  prote in

blots  deve loped  with  Per -ant i - rab .  IgG and with  125I-Prot.

A. Lysates  o f  ce l l s  in fected  with  d i f ferent  s tra ins  o f  IHN-

virus were subjected to SDS-PAGE as described. Prote in

blots were prepared from the gel  and reacted with rabbit

anti-IHN virus sera. The immune complexes were localized

w i t h  e i t h e r  P e r - a n t i - r a b .  IgG ( A )  o r  1 2 5 I - P r o t .  A  ( B ) .

Each lane contained a different IHN virus strain as

f o l l o w s :  (1 )  Feather  River ,  (2 )  Warm Spr ings ,  (3 )  Tr in i ty

River , (4 )  Tamgas  River ,  (5 )  Nan Scott  Lake ,  (6 )  Sutt le

Lake, (7)  Elk River,  (8)  Coleman Hatchery, (9)  Round Butte

Hatchery, (10) Cedar River,  (11) Karluk River,  and (12)

Beaver Creek Hatchery.
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Table 1.      A Comparison of Antibody Titer by Solid Phase Direct Binding and Virus
Neutralization Assays.

Antibody

Lot

(A) (B)
50% Plaque Solid Phase
Neutralization Direct Binding

Relative
Activitya

1 1:250 125I-Prot.A 1: 32,768 131

2 1:32 Per-anti-rab. IgG 1:4,096 128

aA comparative measure of each lot of sera for binding  vs. plaque neutralization
ac t iv i ty ,  (B ) / (A ) .
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Table 2. A Comparison of Diagnostic Methods for IHNV.

Method Level of Detection

Time Required for

Assay

Virus  Neutral izat ion 0 . 0 0 7  nga 7-13 days

Radiolabeling <1.000 ngb 48.0 hours

Per-anti -rab.  IgG

125 I-Prot.A

10.000 ngc

10.000 ngc

51.5 hours

66.0 hours

aThe virus protein present  in a plaque meutralization assay was calculated

from the estimated mass of the virion, 1.31 x 10 grams, and the particle
to infectivity ratio,  1,000:1 (Leong et al. ,  1983).  Each plaque
neutralization assay contained 50 infectious particles.

b The level of detection was determined by firs developing the qel with a
silver stain. The minimum protein concentration detected with a silver stain
was 1 nq. However, 35S-methionine labeling produced virus bands where no
protein band was found in a silver stain of the same gel.

cThe level of detection was determined in the experiment shown in Figure 38.
The amount, 10 nq, is the total virus protein applied to  the gel .  At  least  3
virion proteins were detected at this protein concentration.
an approximation of the minimun level of detection of 125

This represents
-I-Protein A

binding.
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Introduct ion

Infectious hematopoietic necrosis (IHN) virus is a member of  the

Rhabdoviridae family and more closely resembles the rabies virus group

than the vesicular stomatitis group (McAllister and Wagner, 1975;

L e n o i r  a n d  deKinkelin,  1 9 7 5 ;  L e o n g  e t  a l . ,  1 9 8 1 ) .  F i v e  m a j o r

structura l  prote ins  have  been  ident i f i ed  in  pur i f ied  preparat ions  o f

IHN virions. These proteins have been designated L for the

polymerase ,  G for  the  sur face  g lycoprote in ,  N for  the  nucleocapsid

prote in ,  Ml  and  M2 for  the  enve lope  prote ins .  The glycoprotein nature

o f  the  v i r ion  proce in  G has  been conf i rmed by  spec i f i c  labe l ing  o f  the

G protein with 3H-glucosamine  and two phosphoproteins  have been

identified,  N and Ml (McAllister and Wagner,  1975).  Estimates for the

molecular weights of  these proteins have varied between 150,000 to

190 ,000  for  L ,  67 ,000  to  80 ,000  for  G,  38 ,000  to  40 ,500  for  N,  22 ,500

for  Ml , and  17 ,000  to  20 ,000  for  M2. These  var iat ions  in  the  reported

s ize  o f  the  v ir ion  prote ins  suggested  that  the  var iat ions  might  resul t

from strain differences in the IHN virus used in each study. Thus,

the molecular weights of  the virion proteins were determined by sodium

dodecyl sulfate polyacrylamide gel  electrophoresis (SDS-PAGE) for

e leven d i f ferent  s tra ins  o f  IHN v irus .  Str ik ing  d i f ferences  in  the

migration of the N and G proteins were observed among the virus

s t r a i n s .
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I n  t h i s  r e p o r t , the  synthes is  o f  the  s tructural  prote ins  o f  the

Round Butte strain of IHN virus was examined. The time of appearance

o f  ea ch  v i r ion  prote in  dur ing  the  course  o f  in fec t ion  was  determined

in chinook salmon embryo cells.  Unlike rabies virus, IHN virus

i n f e c t i o n  r e s u l t s  i n  t h e  i n h i b i t i o n  o f  c e l l u l a r  p r o t e i n  s y t h e s i s .

Virus  prote in  synthes is  was  detected  in  v ivo  without  resort ing  to__    ____

hypertonic  shock  treatment  o f  the  in fected  ce l l s .  The time of

appearance of  each protein in vivo is unique and suggests that each__   ____

structural  prote in  i s  synthes ized  on  a  monoc is tronic  mRNA spec ies .
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Materials and Methods

Cells and Virus

Chinook salmon (Oncorhynchus tchawytscha) embryo cells (CHSE-214)

were obtained from J. L. Fryer,  Dept.  Microbiology, Oregon State

Univers i ty ,  Corval l i s ,  Oregon.  The epithelioma papillosum cyprini

(EPC) cells were obtained from D. Mulcahy, National Fisheries Research

Center,  Seattle,  Washington. Both cells were grown in minimum

essential media (MEM) in Earle's salts (Autopow MEM, Flow

Laboratories)  supplemented with new-born bovine serum (Grand Island

Bio log ica ls  Company)  to  10% g lutamine  to  10  mM,  penic i l l in  to  100

units /ml ,  and streptomycin  to  100  pg/ml.

Infectious hematopoietic necrosis virus (IHNV) was isolated from

f ish  t i ssue  samples  taken dur ing  IHNV epizoot i cs  at  severa l  l ocat ions

in Alaska, Washington, Oregon, and California. The virus was isolated

and propagated on EPC cells. For  preparat ion  o f  large  quant i t ies  o f

unlabe led  and  radioact ive ly  labe led  v i rus , the virus grown in CHSE-214

c e l l s .  No  d i f ferent  in  the  v i r ion  prote ins  was  observed  for  v i rus

grown in CHSE-214 or EPC cells. With the exception of the Round Butte

s t r a i n , studies on all  other strains of  IHNV were made on virus that

had been  passed  in  t i ssue  cu l ture  only  three  to  f ive  t imes .

V i r u s  P u r i f i c a t i o n

The virus propagated in CHSE-214 cells on 150 cm2 plastic tissue

cul ture  f lasks  (Corning) .  The cell  monolayers were infected at a
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mult ip l i c i ty  o f  in fect ion  (MOI)  o f  0 .001  p laque  forming  uni ts

(PFU) /ce l l  and  incubated  at  16°C for  7  days  or  unt i l  the  monolayers

were destroyed. At this time the culture fluid was harvested and the

ce l l  debr is  removed  by  centr i fugat ion  at  4000  x  g  for  10  min  at  4°C.

Al l  the  fo l lowing  procedures  were  conducted  at  0 -4°C.  The supernatant

fluid was layered onto a 0.3 ml pad of  100% glycerol  and centrifuged

In a Beckman SW27 rotor, 90 min, 80,000 x g. The virus pellet was

resuspended in STE buffer (0.15 M NaCl, 0 . 0 1  M  Tris-HCl,  p H  8 . 3 ,  0 . 0 1

M EDTA, pH 7.0) and 10 ml of  this virus suspension was recentrifuged

through a discontinuous gradient composed of 50% sucrose-STE, 7 ml;

35% sucrose-STE, 10 ml; and 20% sucrose-STE, 10 ml. A f t e r

centr i fugat ion  in  the  SW27 rotor  for  90  min  at  80 ,000  x  g ,  the  v irus

band was collected from the interphase between the 20% and 35% sucrose

l a y e r s .  The virus suspension was concentrated by centrifugation in a

Beckman SW50.1  at 150,000 x g for 30 min. The  resul t ing  v irus  pe l le t

was resuspended in STE and then centrifuged through a continuous

gradient of  5% of 30% sucrose-STE in a SW41 rotor at 48,000 x g for 30

min. The virus band was collected and centrifuged in SW41 rotor for

one hour at 150,000 x g.  The virus pellet was resuspended in SDS-

denatur ing  e lec trophores is  buf fer  (SDS-sample  buf fer ) .

SDS polyacrylamide Gel Electrophoresis

The  separat ion  o f  SDS-dissoc iated  prote ins  by  po lyacry lamide  ge l

e lec trophores is  was  done  on  g lass  s l ides  us ing  a  modi f ied  procedure  o f
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the "mini -ge l " system described by Matsudaira and Burgess,  1978. The

0.5 mm thick gels were composed of a slab of  10% polyacrylamide with a

stacking  ge l  o f  4 .75% polyacry lamide  in  Tr is  buf fer .  Before

electrophoresis protein samples were boiled for 1.5 min in SDS-sample

b u f f e r  ( 0 . 0 6 2 5  M  T r i s ,  p H  6 . 8 ,  1 0 %  g l y c e r o l  ( w / v ) ,  5 %  2 -

mercaptoethanol, and 2.3% SDS). The samples were electrophoresed

under  constant  current  condi t ions  at  20  mA/gel  for  45  min.  The

Laemmli gel buffer system was used in preparation of running and gel

buffers (Laemmli,  1970).

S i lver  Sta in  for  Prote in  in  Gels

Fol lowing  the  e lec trophoret i c  separat ion ,  the  ge ls  were  soaked  in

30% methanol, 10% acetic acid, and  10% tr i cho loroacet i c  ac id  (TCA)  for

one hour. The  ge ls  were  s ta ined  with  s i lver  n i trate  in  a  procedure

modi f ied  f rom that  descr ibed  by  Al len  (1980) .  As  l i t t le  as  10  ng  o f

prote in  i s  detectab le  by  th is  procedure .

The standard protein molecular weight markers that were used to

determine the molecular weight of  the viral proteins were prepared as

descr ibed  in  the  Bio -Rad Laborator ies  cata log  (February ,  1981) .  The

protein markers were phosphorylase B (94,000), bovine serum albumin

(68 ,000) ,  ova lbumin  (43 ,000) ,  carbonic  anhydrase  (30 ,000) ,  soybean

tryps in  inhib i tor  (21 ,000)  and lysozyme (14 ,000) .
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Isotop ic  Labe l ing  o f  Vir ion  Prote ins

Conf luent  CHSE-214  ce l l  monolayers  in  35  mm petr i  d ishes

(Corning) were washed twice with MEM and were either mock-infected or

infected with 5-10 TCID50/cell in 0.1 ml of MEM supplemented with 2%

dialyzed fetal  bovine serum (Grand Islan d Biologicals Co.)  (MEM-2d).

After one hour adsorption at 16°C, 2 ml of MEM-2d was added to each

dish and the cells were incubated at 16°C. At various times as

i n d i c a t e d  i n  t h e  t e s t , the tissue culture fluid was removed and 1 ml

o f  methionine - f ree  MEM-2d added  to  each  d ish .  Af ter  15  min ,  th is

media was removed and replaced with 0.5 ml of methionine-free MEM-2d

containing  100  uCi o f 35 S-methionine (specific activity,  >900 Ci/m

mole ) .  The dishes were incubated for 1 hr at 16°C. Then, label was

removed and the cell monolayers were washed twice with 1.0 ml of

phosphate buffered saline (PBS) (0.135 M NaCl,  0.008 M Na2HPO6,  0.0015

M KH2PO4,  0 .0027  K KCl ) .  The  ce l l s  were  lysed  with  250  ~1 o f  SDS-

lysis  b u f f e r  ( 0 . 5  M  u r e a , 2% Nondet P-40, 5% 2-mercaptoethanol). The

lysates  were  s tored  at  -7O°C in  cryotubes  (Nunc) .

In  the  pulse-chase exper iments ,  the  IHN infected  ce l l s  were

labeled with 85 uCi35 S-methionine for 5 min at 16°C, then washed with

PBS. The cells were then washed with PBS before the addition of PBS

containing 10 mM unlabeled methionine.  At  intervals  as  descr ibed  in

the text,sample cells were washed twice with PBS before the addition

o f  a  l y s i s  b u f f e r  d e s c r i b e d  a b o v e .
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The virion were labeled with 32P-orthophosphate a t  5 0  ~.~Ci/ml  o r

3H-amino  a c i d s  a t  1 0  pCi/ml. The  radioact ive ly  labe led  v irus  was

harvested and purified as above.

Autoradiography

The slab gels were dried on to cellophane in a Bio-Rad slab gel

dryer .  Kodak NS-5T X-ray fi lm was exposed to the dried gels for l -7

days at room temperature before development.

Densitometer Scans of  Protein Gels

The  average  dens i t ies  o f  prote in  bands  s ta ined  with  s i lver  or

Coomassie Blue R-250 were measured at 620 nm with a Cary 219

spectrophotometer equipped with a scanning densitometer.  Although the

r e l a t i v e  d e n s i t y  o f  s i l v e r  s t a i n  v e r s u s  p r o t e i n  c o n c e n t r a t i o n  i s

l i n e a r  f o r  m o s t  p r o t e i n s  (Switzer, M e r r i l ,  a n d  S h i f r i n ,  1 9 7 9 ) ,  t h e

corre lat ion  for  some prote ins  l ike  a lbumin is  not  l inear .  Similar

findings have been reported for the Coomassie blue stain (Wilson,

1 9 7 9 ) .  T h u s , the  contr ibut ion  o f  each  v ir ion  prote in  to  the  to ta l

virus protein was calculated from four separate determinations of  the

area under each peak detected in stained gels by the silver and

Coomassie blue procedure.

In  addi t ion , the  contr ibut ion  o f  each  v ir ion  prote in  to  the  to ta l

v irus  prote in  was  est imated  with  pur i f ied  v i rus  labe led  with 3H-amino

a c i d s .
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RESULTS

Structural  Prote ins  o f  IHN Virus

The structural polypeptides of  the Round Butte strain of  IHNV

were separated by SDS-PAGE in a mini-slab gel system (Matsudaira and

Burgess, 1978)  and  s ta ined  with  s i lver  n i trate  in  a  procedure  modi f ied

from Allen, 1980. The relative mobility of  the marker proteins was

inverse ly  re lated  to  the  logar i thm o f  the  respect ive  molecular  weights

in  th is  ge l  system (Figure  1 ) .  F ive  v i r ion  prote ins  were  ident i f i ed

with estimated molecular weights of  150,000 for L (polymerase),  67,000

for  G (g lycoprote in ) ,  40 ,500  for  N (nuc leocaps id  prote in ) ,  22 ,500  for

M l  ( m a t r i x  p r o t e i n ) , and  17 ,000  fo r  M2 (matr ix  prote in)  (F igure  2 ) .

In  some v irus  preparat ions  even  a f ter  severa l  addi t ional

c e n t r i f u g a t i o n s , there appeared two G proteins at 67,000 and 65,000.

In  addi t ion , the  re lat ive  contr ibut ion  o f  each  prote in  spec ies  to  the

total  prote in  content  o f  the  v i rus  was  determined  by  scanning  for

optical density (630 nm) absorption peaks in the silver and Coomassie

blue s ta ined  ge ls  and  by  measur ing  the  radioact iv i ty  for  v i rus  labe led

with 3H-amino  a c i d s  ( T a b l e  1 ). An approximation of the number of

molecules of  each protein per virion was made as described by Obijeski

e t  a l . ,  1 9 7 6 .  The determination is based upon the assumptions that:

(1 )  the  est imates  o f  the  molecular  weights  o f  the  v i ra l  prote ins  are

c o r r e c t ;  (2 )  the  v i r ions  conta in  only  one  molecule  o f  v i ra l  RNA;  and

(3) the  gram molecular  weight  o f  the  v ira l  genome is  3 .57  x  106

(Kurath and Leong, unpublished data).
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In determining the virion ratio of  RNA to protein,  a suspension

o f  p u r i f i e d  v i r u s  l a b e l e d  w i t h  (3H) u r i d i n e  c o n t a i n i n g  0 . 4 8  m g  o f

prote in  per  ml , and a total  of  8.36 x 105 cpm was used. Af ter

e x t r a c t i o n , the  pur i f ied  RNA had a  spec i f i c  ac t iv i ty  o f  3 .6  x  104 cpm

per pg of RNA. It was calculated from these figures that there was

0 .48  mg o f  prote in  to  0 .023  mg o f  v i ra l  RNA in  the  or ig inal  v i rus

suspension corresponding to a protein-to-RNA weight of  21:l .  Similar

rat ios  were  obta ined  in  three  d i f ferent  exper iments

Structural  Prote ins  o f  Di f ferent  s tra ins  o f  IHNV

When the virion proteins of  six other strains were compared in

the same manner, major differences in N and G were seen (Figure 3).

Str ik ing  d i f ferences  in  the  apparent  molecular  weight  o f  the  N prote in

were immediately obvious.  The Coleman Hatchery strain from California

exhibited a G protein which was considerably larger than the G

p r o t e i n s  o f  t h e  o t h e r  s t r a i n s .  S ince  a l l  v i rus  s tra ins  were  grown in

CHSE-214 cells for these studies, the differences in G and N were not

due  to  d i f ferences  in  host  ce l l  g lycosy lat ion  or  phosphory lat ion .

Stra in  d i f ferences  in  the  s tructural  prote ins  o f  IHNV were  a lso

examined  by  spec i f i ca l ly  labe l ing  the  v ira l  prote ins  in  v ivo  with 35S-

methionine. Approx imate ly  24  h  a f ter  in fect ion  at  a  mult ip l i c i ty  o f

i n f e c t i o n  o f  5  t o  1 0 ,  t h e  c e l l s  w e r e  e x p o s e d  t o 35 S-methionine for 1

hour. The cells were lysed with SDS and the lysate applied directly

to  a  po lyacry lamide  ge l .  Af ter  e lec trophores is ,  the  ge l  was  s ta ined
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and dr ied  be fore  exposure  to  X-ray  f i lm for  24-48 h. A  compar ison  o f

the silver stained gel and its accompanying autoradiogram for eleven

di f ferent  s tra ins  o f  IHNV is  shown in  Figure  4 .  I t  i s  c l e a r  t h a t

major differences in the apparent molecular weights of  the N and G

proteins were detectable in the autoradiogram. In fact the same

strain d i f f e r e n c e s  t h a t  a p p e a r e d  i n  t h e  s i l v e r  s t a i n e d  g e l  f o r

purified IHNV  a lso  appeared  in  the  autoradiogram o f  the  d i f ferent

i n f e c t e d  c e l l  l y s a t e s .  Thus ,  d irect  35S-methionine  l a b e l i n g  a n d  SDS-

PAGE o f  in fected  ce l l s  i s  a  s imple  method  for  making  compar isons  o f

the IHNV strains.

Intracellular IHN Virion Protein Synthesis

I t  i s  c l e a r  t h a t  t h e  r a t e  o f  s y n t h e s i s  o f  c e l l u l a r  p r o t e i n s  i s

reduced  a f ter  IHNV infect ion  (F igure  4 ) .  This observation suggested

that  i t  should  be  poss ib le  to  determine  the  t ime o f  the  intrace l lu lar

a p p e a r a n c e  f o r  e a c h  v i r i o n  p r o t e i n  d u r i n g  t h e  i n f e c t i o u s  c y c l e .  A t

o n e  h o u r  i n t e r v a l s  a f t e r  i n f e c t i o n , cultures of  CHSE-214 cells were

exposed to 35 S-methionine for 1 h and then analyzed by SDS-PAGE. The

synthesis of  N, M1 and M2 is ap p a r e n t l y  i n i t i a t e d  a t  6 - 7  h  a f t e r

in fect ion  (Figure  5A) .  The G protein appears at approximately 9-10 h

a f t e r  i n f e c t i o n .  When earlier samples were taken and an excess of

radioactively labeled material  was analyzed by SDS-PAGE, N protein

synthes is  was  observed  as  ear ly  as  2 -3  h  in  the  in fect ion  cyc le

(Figure 5B).  S ince  ce l lu lar  prote in  synthes is  i s  not  inhib i ted  dur ing
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e a r l y  i n f e c t i o n , i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  v i r a l  p r o t e i n s  s u c h  a

M2 and L from host proteins in these early samples.

Two forms of  the glycoprotein G is observed intracellularly

(Figure 5A).  These two form s, G2 for the lower band (65,000) and Gl

for the upper band (67,000),  appear to have a product precursor

r e l a t i o n s h i p .  In an experiment designed to determine the kinetics of

intrace l lu lar  v ira l  prote in  synthes is  and accumulat ion ,  ce l l s  in fected

with IHNV (MOI approximately 20) for 24 h were exposed to 35S-

methionine  for  1 ,  5 ,  10 ,  30 ,  and 60  min .  At  the  indicated  t imes ,  the

cells were lysed and the lysate analyzed by SDS-PAGE. After one

minute, both G1 and G2 appeared and after 5 and 10 min of  label,  G2

was the dominant glycoprotein being synthesized in the cell  (Figure

6A). However, at 30 min, the amount of  radioactivity appeared equally

d is tr ibuted  in  both  bands  as  labe led  Gl prote in  accumulated  in  the

c e l l .  By 60 min, the Gl band was the predominantly labeled

glycoprotein band.

When infected cells were exposed to 35 S-methionine for 5 min

followed with excess unlabeled methionine for 20,  40,  60,  and 120 min,

s imi lar  resul ts  were  observed  (Figure  6B) .  A 5 min exposure to the

labeled precursor resulted in a predomina nt G2 band. Af ter  a  chase  o f

20 min with excess unlabeled methionine, the predominantly labeled

band was G1. These  resul ts  do  suggest  tha t  G2 is  synthes ized

immediately and then is further glycosylated to form Gl. Similar
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precursors  for  the  g lyco lyated  G  prote in  have  been  reported  for

ves icular  s tomat i t i s  v i rus  (Knipe  et  a l . ,  1977)  and rabies  v irus

( C o s l e t t  e t  a l . , 1980).

In both labeling experiments, comparat ive ly  h igher  rates  o f

synthesis for the N an d M2 proteins were observed. The rates of

synthesis for G and M1 proteins were lower.  A labeled band

corresponding  to  the  L  prote in  did not  appear  unt i l  20 min  a f ter  a  5

min exposure to 35S-methionine  (Figure  6B) .  However, continuous

exposure to the labeled amino acid for more than 30 min did not

produce a labeled L band on the autoradiogram (Figure 6A).  In both

experiments, each  ge l  lane  rece ived  50 ,000  cpm o f  labe led  mater ia l .

This apparent paradox in the results may be explained if  L protein is

synthes ized  at  a  very  low rate  and  const i tutes  a  very  smal l  port ion  o f

t h e  t o t a l  v i r i o n  p r o t e i n  s y n t h e s i z e d  i n  t h e  c e l l .  Thus, during

continuous exposure to 35 S-methionine, L  prote in  synthes is  occurs  at

such a  l o w  r a t e  t h a t  i t s  p r e s e n c e  i s  u n d e t e c t a b l e .  The appearance of

L in the pulse-chase experiment indicates that L protein accumulates

ata  faster  rate  than the  other  v i r ion  prote ins .
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DISCUSSION

The virion proteins of  IHNV have been identified and their

intracellular synthesis has been examined. There  are  f ive  v i r ion

proteins with molecular weights of  150,000 (L):  67,000 and 65,000 (Gl

and  G2); 40 ,500  (N) ;  22 ,500  (Ml ) ;  and  17 ,500  (M2).  The  g lycoprote in

nature  o f  the  G prote ins  was  ver i f ied  by  spec i f i c  labe l ing  with 3H-

g lucosamine  (data  not  shown)  and  the ir  l ocat ion  o f  the  sur face  o f  the

virion was determined by treatment with Triton X-100 (data not

shown). The nucleocapsid protein,  N, was found to be associated with

the  v ira l  nuc le ic  ac id  and spec i f i ca l ly  labe led  with  32P-

orthophosphate (data not shown).  Thus, the work of  McAllister and

Wagner, 1975, has been confirmed.

An estimate of  the number of  molecules per virion for each

protein was made for IHNV. The ratio of  virus protein to RNA was

determined to b e 21:1,  a low figure in comparison to VSV and rabies.

These  v i ruses  have  rat ios  o f  92 :1  and 72 :1  respect ive ly  (Bishop  and

Roy, 1 9 7 2 ;  C o s l e t t  e t  a l . ,  1 9 8 0 ) .  The low protein to RNA ratio for

IHNV is unusual and may reflect differences in the membrane structure

o f  f i sh  and mammal ian  ce l l s  (Moore  et  a l . ,  1976) .  I t  i s  s i m i l a r  t o

that obtained for the bunyavirus, La Crosse virus,  which has a ratio

o f  30:1 w h e n  g r o w n  i n  BHK/21  c e l l s  ( O b i j e s k i  e t  a l . ,  1 9 7 6 ) .  This

rat io  i s  used  for  ca lcu lat ing  the  tota l  molecular  weight  o f  the  v ir ion

p r o t e i n .
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The re lat ive  contr ibut ion  o f  each  prote in  to  the  to ta l  molecular

weight  o f  the  v i r ion  was  est imated  f rom dens i tometer  t rac ings  o f  SDS-

po lyacry lamide  ge ls  o f  pur i f ied  v i r us .  For  both  s i lver  and  Coomass ie

b lue  s ta ined  ge ls , the  re lat ive  proport ion  o f  each  v i r ion  prote in  was

di f ferent  f rom that  obta ined  with 3 H-amino acid labeled virus and that

reported by McAllister and Wagner (1975) for 14C-amino acid labeled

v i r u s  ( T a b l e  1 ) .  T h e  d i f f e r e n c e s  p r o b a b l y  r e f l e c t  d i f f e r e n c e s  i n

methods  for  determining  the  proport ion  o f  each  v ir ion  prote in .  For

most  prote ins  a  near ly  l inear  re lat ionship  ex is ts  between the  re lat ive

density of a band and the micrograms of protein in the band (Switzer

e t  a l . ,  1 9 7 9 ) .  However, var iat ions  in  s ta in ing  do  ex is t  between

d i f f e r e n t  p r o t e i n s  ( O a k l e y  e t  a l . ,  1 9 8 0 ) .  Thus, densitometer tracings

o f  Coomass ie  b lue  s ta ined  ge ls  were  a lso  inc luded  in  the  s tudy .

Several investigators have used Coomassie blue stained gels to

est imate  re lat ive  v i r ion  prote in  concentrat ions  (Bishop  and Roy ,  1972 ,

C o s l e t t  e t  a l . , 1980 ,  and Obi jeski  e t  a l . ,  1976) .  No major

d i f ferences  were  found in  the  s ta in ing  patterns  produced  by  s i lver  or

Coomassie B l u e .  Any error in these calculations would be an

overestimate o f  the  number  o f  G  prote in  molecules  s ince  these  s ta ins

may b ind  more  extens ive ly  to  g lycoprote ins  (McKnight,  1977) .

The  dal ton  equivalents  o f  prote in  in  IHN v ir ions  were  ca lcu lated

by  re ference  to  the  amount  o f  v i ra l  RNA per  to ta l  v i ra l  prote in .  The

ratio obtain ed (21:1)  is  equivalent to 4.8% RNA per IHN virion,

88



whereas the VS virion has an estimated 0.7 to 1.09% RNA and rabies is

composed of 1.39% RNA. These  d i f ferences  are  re f lec ted  in  the

est imated  number  o f  v i r ion  prote ins  per  IHNV part i c le .  The numbers of

L, G, N, M1, and M2 molecules per virion for rabies is reported as 79

(L) ,  1723  (G1 and  G2), 1975  (N) ,  402  (M1) ,  and  1156  (M2)  (Cos le t t  e t

a l . , 1980).  In  contrast , IHN virions contain approximately a third as

many L, a tenth as many G, and a half as many N molecules (Table 1).

The remarkable difference is in the number of  G molecules per

v i r i o n .  We and many others have found that it  is diff icult  to produce

antibody to IHN virus in warm-blooded animals. The poor

immunogenic i ty  o f  G or  the  poor  neutra l iz ing  act iv i ty  o f  the  ant isera

may be a direct result of  the low numbers of  G molecules on the

s u r f a c e  o f  t h e  v i r i o n .

The nucleocapsid protein,  N, is phosphorylated and found in

association with the viral RNA and other N proteins inside the

v i r i o n .  In addition, N protein interacts with L and possibly M,

p r o t e i n s  i n  t h e  v i r i o n .  These  interact ions  should  impose  s tr i c t

demands on the N-protein and therefore,  this sequence should be

conserved among virus strains. That is the case for rabies and VSV.

However, this report shows that the apparent size of  the N protein

var ies  among the  IHNV strains .  We are determining whether these

v a r i a t i o n s  i n  e l e c t r o p h o r e t i c  m o b i l i t y  r e s u l t  f r o m  d i f f e r e n c e s  i n

phosphory lat ion  or  s ize  o f  the  po lypept ide  chain .
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Table 1. Estimated number and molecular weight of IHN virus proteins

Protein Species

L

G

N

M1

Percent age of                           Mol. Wt. of Protein           Number of Molecules
Total Virus Proteins   per Virion (x 106)d per Virione

Mol . St . (x 103)a Incorporat ionc St ainedc Incorp.  Stained Incorp. Stained

150.0 8 . 6  8.1 6 . 5  6.1 43 40

67.0 14.9 26.1 11.1 19.5 166 290

40.5 41.4 30.4 31.0 22.7 766 560

22.5 8.1 15.5 6.1 11.6 270 514

17.0 27.0 19.9 20.3 14.9 1,192 874

aMolecular weight estimates were determined as described in Materials and Methods.

bPercentage of each protein determined by using virus labeled with 3H amino acids.

cPercentage of each protein was calculated four separate determinations  of the area under each peak of gels
stained with Coomassie blue or silver and scanned at 620 nm. The average percentage of each protein for
silver staining and for Coomassie Blue staining was again averaged for the final result.

dTotal virion protein was derived from a 21:1 ratio of virus protein to RNA and the estimate that the mol.

wt. of the IHN viral genome is 3.57 x 106 (Kurath a n d  Leong, unpublished observation).

eNumber of protein molecules per virion by dividing the daltons of protein per virion by ther molecular wt.



Infect ion  o f  sa lmon ce l l s  with  IHN virus  resul ts  in  an  inhib i t ion

o f  c e l l u l a r  p r o t e i n  s y n t h e s i s .  In  th is  character is t i c ,  IHNV di f fers

from other members of  the rabies virus group of the Rhabdoviridae.

C e l l u l a r  p r o t e i n  s y n t h e s i s  i s  n o t  i n h i b i t e d  a f t e r  i n f e c t i o n  w i t h

r a b i e s  v i r u s  ( C o s l e t t  e t  a l . , 1980) and any study of  rabies protein

synthes is  in  the  ce l l  requires  exposure  to  hypertonic  shock  to  reduce

the background of host protein synthesis.  However, it  has been

poss ib le  to  examine  the  synthes is  o f  IHN v ira l  prote ins  in  the  ce l l

without  resort ing  to  th is  drast i c  t reatment .

I t  i s  c l e a r  t h a t  t h e r e  a r e  t w o  s p e c i e s  o f  v i r i o n  g l y s o p r o t e i n s ,

G1 a n d  G2. Differences between these two glycoproteins may reflect

incomplete glycosylation or some degradation of  the carbohydrate

moiety  dur ing  v irus  pur i f i cat ion .  Since SDS-PAGE gels of fresh virus

preparat ions  do  not  exhib i t  the  two  g lycoprote ins ,  i t  i s  more  l ike ly

that  G2 resul ts  f rom some degradat ion  o f  Gl  in  pur i f ied  v ir ions .

Al though peptide  mapping  data  are  not  avai lab le  f or  Gl  and  G2 i t  i s

probable  th at  Gl  and  G2 have identical amino acid sequences.  The

pulse-chase experiment (Figure 6B) suggests th at G2 is synthesized and

chased into t he Gl form which migrates slower. The slower form should

contain more carbohydrate.  Recent  work  by  Cos let t  e t  a l . ,  1980 ,  has

shown that in Gl and G2 of Rabies  have  ident i ca l  peptide maps but G2

prote in  conta ins  less  carbohydrate  tha n G1 (Dietsche ld  et  a l . ,  1979) .
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T h e  f i r s t  p r o t e i n  f o r  r a b i e s  t o  a p p e a r  i n  t h e  c o u r s e  o f  i n f e c t i o n

i s  t h e  N ,  o r  n u c l e o c a p s i d  p r o t e i n ,  a t  2 - 3  h o u r s  a f t e r  i n f e c t i o n .  A t

h-7 hours after infection, the membrane proteins,  Ml and M2, can be

ident i f ied  in  the  autoradiograms.  The two forms of the glycoprotein,

Gl a n d  G2, are  found at  9 -10  hours  a f ter  in fect ion .  It was not

poss ib le  to  d is t inguish  the  v i r ion  L  prote in  f rom other  host  prote ins

i n  t h e  g e l  u n t i l  l a t e  i n  i n f e c t i o n  w h e n  c e l l u l a r  h o s t  p r o t e i n

synthes is  was  complete ly  inhib i ted .  The L protein appears to be

synthes ized  at  such  a  low rate  and i t  const i tutes  a  very  smal l  port ion

o f  t h e  t o t a l  p r o t e i n  s y n t h e s i s  i n  t h e  i n f e c t e d  c e l l s .  However, L

prote in  accumulates  faster  than the  other  v ir ion  prote ins ,  indicat ing

that  L  i s  not  turned over  as  quickly .  These experiments show that IHN

virus  prote ins  are  synthes ized  independent ly .  Virus production begins

a t  1 2 - 1 4  h o u r s  a f t e r  i n f e c t i o n  ( L e o n g  e t  a l . ,  1 9 8 1 ) .

I t  appears  that  IHN virus  prote in  synthes is  in  sa lmon ce l l s  i s

s i m i l a r  t o  t h a t  o f  r a b i e s .  Each virion protein seems to be derived

from the  trans lat ion  o f  independent ly  t ranscr ibed  monoc is tronic

mRNAs .  In fact , f ive polyadenylated mRNA species are synthesized in-

v i v o .  Thes e mRNA species correspond appropriately in sizes to the RNA

spec ies  expected  for  each  v i r ion  prote in .
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LEGENDS

F i g .  1 .  A  p lot  o f  the  re lat ive  migrat ion  o f  IHNV structural  prote ins ,

L, G, N, M, and molecular weight marker proteins as a

funct ion  o f  the  logar i thm o f  the  molecular  weight .  The

prote ins  were  separated  by  e lec trophores is  in  SDS-

polyacrylamide gels as described in Materials and Methods.

The marker proteins included phosphorylase B (94,000),  bovine

serum albumin (68,000),  ovalbumin (43,000),  carbonic

anhydrase  (30 ,000) ,  soybean tryps in  inhib i tor  (21 ,000) ,  and

lysozyme (14,000).
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F i g .  2 . Densitometer tracings of  SDS-polyacrylamide gels of  purified

IHNV virus stained with Coomassie blue, broken line,  or

s i l v e r  n i t r a t e ,  s o l i d  l i n e .
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F i g .  3 .  E l e c t r o p h o r e t i c  p r o f i l e  o f  d i f f e r e n t  s t r a i n s  o f  I H N  v i r u s .

Purified IHN virus was disrupted and electrophoresed in SDS-

polyacrylamide gels as described in Materials and Methods.

Lane 1 contains the molecular weight marker proteins.  The

o t h e r  l a n e s  a r e  i d e n t i f i e d  a s  f o l l o w s :  Lane 2 (Round Butte

Hatchery), Lane 3 (Nan Scott Lake),  Lane 4 (Elk River),  Lane

5 (Coleman Hatchery), Lane 6 (Karluk River),  Lane 7 (Suttle

Lake), Lane 8 (Coleman Hatchery), Lane 9 (Round Butte

Hatchery), Lane 10 (Karluk River), Lane 11 (Round Butte

Hatchery), and Lane 12 (Cedar River).
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F i g .  4 .  A comparison of  eleven different strains of  IHN virus was

made  by  autoradiographic  analys is  o f  the  intrace l lu lar

p r o t e i n s  l a b e l e d  b y  35S-methionine. In fec ted  ce l l s  were

labeled as described in Materials and Methods.  The lanes are

marked KL (Karluk River, Alaska), TA (Tamagas Creek, Alaska),

CD (Cedar River, Washington), LE (Lewis River, Washington),

RB (Round Butte, Oregon), NS (Nan Scott Lake, Oregon), ER

(Elk River,  Oregon),  SL (Suttle Lake, Oregon),  CO (Coleman

Hatchery, C a l i f o r n i a ) , TR (Trinity River. California),  and FE

(Feather  River ,  Cal i fornia ) .
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F i g .  5 .  Ge l  e lec tropherogram o f  IHN virus  prote ins  synthes ized  in

CHSE-214  ce l l s  at  d i f ferent  t imes  a f ter  in fect ion .  In fec ted

ce l l s  were  exposed  to 35S-methionine for  one  hour  at  the

t i m e s  i n d i c a t e d  a f t e r  i n f e c t i o n .  Each lane received 50,000

cpm. The fi lm in Fig.  5B was exposed for a longer time so

that  ear ly  v i rus  prote in  synthes is  was  detectable .
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F i g .  6 .  Gel  e lec tropherogram o f  v i ra l  prote ins  synthes ized  in  CHSE-

214  ce l l s  a f ter  pulse  labe l ing  with 35 S-methionine. I n  6A,

t h e  i n f e c t e d  c e l l s  w e r e  l a b e l e d  f o r  1 ,  5 ,  1 0 ,  3 0 ,  o r  6 0

minutes before samples were taken for SDS-PAGE. I n  6B, t h e

infected cells were labeled for 5 minutes and sampled or the

label was removed and fresh media containing excess cold

methionine was added for 20,  40, 60, or 120 minutes before

samples were taken for SDS-PAGE.
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IV. The  Class i f i cat ion  o f  In fect ious  Hematopoiet i c  Necros is  Virus

by Comparing Virion  Protein Pattern.

Authors: Y. L. Hsu, H. Mark Engelking, and J. C. Leong.

Journal  Publ i cat ion :  Journal of  General Virology, to be submitted.
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INTRODUCTION

I n f e c t i o u s  h e m a t o p o i e t i c  n e c r o s i s  v i r u s  (IHNV)  i s  t h e  c a u s a t i v e

agent of  an acute disease in salmon and trout.  It  has caused

extens ive  morta l i t ies  in  hatchery  f i sh  populat ions  s ince  the  1950 's  in

the States of Washington (Watson, Guenther and Rucker, 1954),  Oregon

(Yasutake, Parisot,  and Klontz, 1965),  and  Cal i fornia  (Ross ,  Pe lnar ,

and Rucker,  1960).  The disease is also enzootic among wild

populations of  sockeye salmon in the Pacific Northwest and Alaska,

British Columbia and in the chinook salmon of the Sacramento River

system in California (Amend et al . ,  Grischkowsky and Amend, 1976;

Yasutake ,  Par isot ,  and Klontz ,  1965) .  Isolations of  IHNV have also

been made in Japan (Sano et al . ,  1977) and Taiwan (Chen, Kou, Hedrick,

and Fryer, personal communication).  Despi te  the  prevalence  o f  th is

disease in salmon and trout in the Northwest,  there has been no

comparat ive  s tudy  o f  the  d i f ferent  i so lates  o f  IHN v irus .  Previous ly ,

a  comparat ive  s tudy  was  not  poss ib le  because  sero log ica l  d i f ferences

between s tra ins  o f  v i rus  were  not  readi ly  detected .  Only one study of

strain differences in IHNV has been made. A  sero log ica l  compar ison  o f

three  d i f ferent  i so lates  o f  IHNV were  made  in  cross -neutra l izat ion

s t u d i e s .  The Oregon sockeye salmon virus and the British Columbia

strain of  IHNV were found to be closely related. The Sacramento River

chinook  sa lmon v irus  was  less  c lose ly  re lated  to  the  o ther  two

i s o l a t e s  (McCain  e t  a l . ,  1 9 7 1 ) .
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A sensitive method for distinguishing IHNV strains by sodium

dodecyl sulfate-polyacrylamide gel  electrophoresis (SDS-PAGE) of  the

v ir ion  po lypept ides  have  been  deve loped  (Leong  e t  a l . ,  1981) .  Major

stra in  d i f ferences  were  observed  in  the  molecular  weight  o f  the

nuc leocaps id  prote in  (N)  and  the  enve lope  g lycoprote in  (G) .  This

technique  has  made  i t  poss ib le  to  compare  72  d i f ferent  i so lates  o f

IHNV and group them into 5 or more types. An analysis of  the

geographic distribution of  these IHNV isolates among several species

o f  f i sh  has  indicated  that  a  part i cu lar  s tra in  wi l l  be  found among a l l

salmonid spec ies  in  one  geographic  area .  The  v irus  exhib i ts  a

geographic  pre ference  and  not  a  spec ies -spec i f i c i ty .  Moreover ,  recent

outbreaks of  the disease in the Columbia River basin were all  caused

by  the  same v irus  s tra in  indicat ing  the  spread  o f  the  v irus  by

horizontal water-borne transmission.
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MATERIALS AND METHODS

Cells and Viruses

Chinook salmon (Oncorhynchus tschawytscha) embryo cells (CHSE-

214) were obtained from Dr. J.  L. Fryer, Department of  Microbiology,

Oregon State  Univers i ty ,  Corval l i s ,  Oregon.  Epithelioma papillosum

cypr ini  (EPC)  ce l l s  (Tomasec  and Fi j ian , 1981) were obtained from B.

J .  Hi l l ,  Ministry  o f  Agr icul ture ,  F isher ies  and Food ,  F ish  Diseases

Laboratory, Weymouth, Dorset, U.K. Both CHSE-214 and EPC cell lines

were grown in minimum essential medium (MEM)  containing Eagle's salts

(Autopow MEM, Flow Laboratories) supplemented with 10% newborn calf

serum (Ster i le  Systems) ,  10  mM glutamine ,  500  units /ml  penic i l l in ,  and

500 pg/ml streptomycin (GIBCO).

Infect ious  hematopoiet i c  necros is  v i rus  was  i so lated  f rom f i sh

t issue  co l lec ted  dur ing  IHNV epizoot i cs  at  severa l  l ocat ions  in

Alaska, Washington, Oregon, Idaho, California,  and Western Canada.

The virus isolates were obtained from W. Groberg (Oregon Department of

Fish  and Wi ld l i fe ) , D. Mulcahy (National Fisheries Research Center,

U.S. Fish and Wildlife Service,  Washington),  R. Grishkowsky (Alaska

Department of Fish and Game), G.  Tebbi t  (Wi ld l i fe  Vacc ines ,

Wheatridge,  Colorado), G. T r a x l e r  ( P a c i f i c  B i o l o g i c a l  S t a t i o n ,

Nanaimo, British Columbia, Canada) and N. Wood (Rangen  Research

Laborator ies ,  Idaho) .  Each virus isolate was passed no more than

three  t imes  in  t i ssue  cu l ture  be fore  analys is  o f  the  v irus  prote ins  by
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SDS-PAGE. When large quantities of  virus were required, the virus was

grown on CHSE-214 cells.

Virus  Puri f i cat ions

The virus was propagated in CHSE-214 cells grown in 150 cm2

p l a s t i c  t i s s u e  c u l t u r e  f l a s k s  ( C o r n i n g ) .  The cell monolayers were

infected  at  a  mult ip l i c i ty  o f  in fec t ion  (MOI)  o f  0 .001  p laque  forming

units  PFU/ce l l  and incubated  at  16°C for  7  days  or  unt i l  the

monolayers showed complete cytopathic effect (CPE).  AT this time the

culture f luid was harvested and the cell  debris removed by

centr i fugat ion  at  4 ,000  x  g  for  10  min at  4°C.  A l l  t h e  f o l l o w i n g

procedures were conducted at 0-4°C. The supernatant f luid was layered

onto a 0.3 ml pad of 100% glycerol and centrifuged in a Beckman SW27

rotor  for  90  min  at  80 ,000  x  g .  The virus pellet was resuspended in

0.01 M Tris (hydroxymethyl)  amino methane-HCl buffer,  pH 8.3,

containing 0.15 M NaCl and 0.01 M EDTA (STE). Ten ml of this virus

suspension was centrifuged through a discontinuous gradient composed

of 7 ml of 50% sucrose-STE, 10 ml of 35% sucrose-STE, and 10 ml of 20%

sucrose-STE in an SW27 tube. Af ter  centr i fugat ion  for  90  min  at

80,000 x g, the virus band was collected from the interphase between

the 20% and 35% sucrose layers. The virus suspension was concentrated

by centrifugation in a Beckman SW27 at 80,000 x g for 90 min. The

resulting virus pellet was resuspended in STE and then centrifuged

through a continuous gradient of 5% to 30% sucrose-STE in a SW41 rotor
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at 21,000 rpm for 30 min. The virus band was collected and then

centrifuged in a SW41 rotor for one hour at 35,000 rpm. The virus

pellet was resuspended in SDS-denaturing electrophoresis buffer (2.3%

SDS;  0 .05  mM Tri s ,  pH 6 .8 ;  10% g lycero l  (w/v ) ;  5% 2-mercaptoethanol ) ,

bo i led  for  2  min ,  and  s tored  at  -20°C.

Isotop ic  Label ing  o f  Vir ion  Prote ins

Confluent CHSE-214 cell  monolayers in 35 mm2 petri  dishes

(Corning) were washed twice wi th MEM and were either mock-infected or

i n f e c t e d  w i t h  a n  MOI o f  5-10 TCID50/cell  ( t i s s u e  c u l t u r e  i n f e c t i o n

dose for 50% infectivity) of  IHNV in 0.1 ml of  MEM supplemented with

2% dialyzed fetal bovine serum (GlBCO)  (MEM-2d).  Virus was adsorbed

for one hour at 16°C, diluted with 2 ml of  MEM-2d and then the cells

incubated at 16°C. When the infected cells exhihited 70% of CPE, the

tissue culture media was removed and 1 ml of  methionine-free MEM  was

added to each dish.  After one hour, this medium was removed and

replaced with 0.5 ml of  methionine-free MEM containing 100 I.IC~  of  35S-

m e t h i o n i n e  ( s p e c i f i c  a c t i v i t y ,  900-1000 Ci/mmole, NEN). The dishes

were incubated for one hour at 16°C, at which time the medium was

removed and the cell  aonolayers washed twice with 1.0 ml of  phosphate

buffered saline (PBS) 0.135 M NaCl, 0.008 M Na2HP04,  0.0015 M KH2P04,

0.0027 M KCl). The  ce l l s  were  lysed  with  100-200  ~1 o f  SDS- lys is

buffer (9.5 M urea, 2% Nondet P-40, 5% 2-mercaptoethanol) and the

lysate  s tored  at  -70°C in  cryotuhes  (NUNC) .  For  e lectrophores is ,  the
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lysates were mixed with SDS and glycerol to give final concentrations

of 2.5% SDS, 10% glycerol, 1% nonidet P40, 5% 2-mercaptoethanol,  4.75

M urea, and boiled for 2 min. Samples were then loaded on the gel

immediately or stored at -20°C.

Sodium Dodecyl Sulfate polyacrylamide Gel Electrophoresis

The separation of  SDS-dissociated proteins by polyacrylamide gel

e lec trophores is  was  done  on  g lass  s l ides  us ing  a  modi f ied  procedure  o f

the "mini-gel" system described by Matsudaira and Burgess (1978).  The

0.5 mm or 0.8 mm thick gels were composed of a slab of 10%

polyacrylamide with a stacking gel of  4.75% polyacrylamide in Tris

b u f f e r .  Samples were prepared as described above,  and electrophoresed

at  10  mA through the  upper  ge l  and  then,  20  mA for  the  lower  ge l .  The

running and gel buffers used were identical to those described by

Laemmli (1970).

S i lver  Sta in  for  Prote in  in  Gels

Fol lowing  the  e lec trophoret i c  separat ion ,  the  ge ls  were  soaked  in

30% methanol,  10% acetic acid, and 10% Trichloroacetic acid (TCA) for

one hour. The  ge ls  were  s ta ined  with  s i lver  n i trate  (Al len ,  1980) .

The standard protein molecular weight markers (Bio-Rad) that were used

to determine the molecular weight of  the viral proteins were prepared

as described by the manufacturer.  The protein markers included

phosphorylase B (94,000),  bovine serum albumin (68,000),  ovalbumin

(43 ,000) ,  carbonic  anhydra se  (30 ,000) ,  soybean tryps in  inhib i tor

(21,000) and lysozyme (14,000).
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Autoradiography

The  s lab  ge ls  were  dr ied  onto  ce l lophane  in  a  BioRad s lab  ge l

d r i e r .  Kodak NS-5T or X-Omat AR X-ray film was exposed to the dried

gels for 1-4 days at room temperature.
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RESULTS

Typing of Infectious Hematopoietic Necrosis Virus Strains

The  analys is  o f  the  v i r ion  prote in  patterns  o f  d i f ferent  IHNV

isolates by SDS-PAGE has been extensively studied (Leong et al . ,

1981).  Only  v i rus -spec i f i c  prote ins  are  labe led  with 35S-methionine

when the  radioact ive  labe l  i s  added  to  in fec ted  ce l l s .  Host  ce l l

p r o t e i n  s y n t h e s i s  i s  i n h i b i t e d  b y  t h e  v i r u s  i n f e c t i o n .  There fore ,  the

v i r a l  G  ( g l y c o p r o t e i n ) , N (nuc leocaps id  prot e in ) ,  M1 and M2 (matr ix

proteins) are easily detected on an autoradiogram of an SDS-PAGE

a n a l y s i s  o f  i n f e c t e d  c e l l  l y s a t e s .  The L (polymerase) protein is

detectab le  wi th  pro longed  exposure  o f  the  X-ray  f i lm.  Major  s tra in

di f ferences  are  apparent  in  the  e lec trophoret i c  mobi l i ty  o f  the  N

protein and the G protein,  Figure 1 and 4.  An analysis of  72

di f ferent  IHNV iso late  (Table  1 )  has  been  used  to  p lace  these  i so lates

i n t o  f i v e  d i f f e r e n t  t y p e s .

Isolates belonging to Type 1 have a faster migrating N protein

with an approximate molecular weight of  40,500 daltons.  T h e  f i r s t

isolation of  this type was made at the Round Butte (RB) Hatchery in

Oregon in 1975 (Mulcahy et al . ,  1980).  Type 1 IHNV was also found at

Dworshak (DW) National Fish Hatchery, Entiat (EN) National Fish

Hatchery and Rapid River (RR) Hatchery (Fig.  1 and 2).  The same type

1 IHNV was also isolated from fish in the Deschutes River watershed

at Round Butte Hatchery, Warm Springs (WS) National Fish Hatchery,
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Metolius River (ME), and Suttle Lake (SL).  Moreover,  virus taken from

s t e e l h e a d  f r y ,  y e a r l i n g s , and adults at Round Butte Hatchery all

belong to Type 1.  In Alaska and Canada, Type 1 IHNV has been found in

fish at Tamgas  Creek (TA),  Lake Auke (LA),  Lake Nerka (LN) and several

lakes  and r ivers  in  Br i t i sh  Columbia  (Table  1).

Virus isolates characterized as Type 2 IHNV have N proteins with

a molecular weight of  approximately 42,800 daltons. T h e  f i r s t

reported isolation of  Type 2 IHNV was made in Idaho in 1978 (Fig.

2).  More recently, Type 2 IHNV appeared in the lower Columbia River

basin for the first time in 1980 at the Lewis River Hatchery (LE)

(WDF) in  Washington (Fig .  1 ,  Table  3 ) .  Since that time, the Type 2

virus has appeared at Skamania (SK), Mossyrock (MO), Minto Pond (IQ),

Gnat Creek (GN), Beaver Creek (BCl),  and Little White Salmon (LS)

hatcher ies  in  the  lower  Columbia  River  bas in  (Fig .  1 ,  Table  3 ) .  A l l

o f  these  v irus  i so lates  have  a  s lower  migrat ing  N prote in  than the

Round Butte and Dworshak Type 1 viruses. In  addi t ion ,  Type  2  s tra ins

have been isolated from the Pahsimeroi (PA),  Niagra Spring (NI),  Clear

Spr ing  (CS)  hatcher ies  and at  o ther  f i sh  hatcher ies  in  the  Hagerman

V a l l e y  ( H A - l ,  H A - 2 )  i n  I d a h o  ( F i g s .  1 ,  2 ,  6 ) .

The IHNV taken from fish at Nan Scott Lake (NS) and Elk River

(EK) in Oregon; Trinity River (TR),  Feather River Hatchery (FE),

Sacramento River (SV) and Coleman Hatchery (COl)  in California are

grouped together  as  Type  3  v iruses  (F igs .  3 ,  4 ,  7 ) .  The  N prote in  o f
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these strains migrate with an apparent molecular weight of  43,500 SDS-

po lyacry lamide  ge ls  (F ig .  3  and 4 ) .

Viruses grouped under Type 4 were some of  the isolates from

Coleman Hatchery (PO2  and C03) in California (Fig. 4).  This virus

type is characterized  by a G protein with a molecular weight of

70 ,000 ,  and is  a  temperature  sens i t ive  s tra in .  Type 4 viruses do not

r e p l i c a t e  w e l l  a t  18-22°C  ( L e o n g  e t  a l . ,  1 9 8 1 ) .  The  v irus  i so late ,

C02 ,  corresponds  to  CO ment ioned  in  th is  ear l ier  report  (Leong  et  a l . ,

1981).

Type 5 virus include those that have not been adequately analyzed

by  mult ip le  cross  compar ison  o f  the  v i r ion  prote in  patterns .  Inc luded

in this category are the IHN virus isolates taken from the Cedar River

in Washington (CD and CD2). The N protein of CD2 migrates at an

electrophoretic position midway between the N proteins of  Type 1 and

Type  2  (Fig .  1 ) .  In  contrast , CD has an N protein which migrates even

more  s lowly  than that  o f  Type  3  (F ig .  4 ) .  The CD and CD2 isolates are

different from each other and are not distinct enough to be considered

as  a  separate  type .  Karluk River isolates (KL and KL2) from Alaska

also possess N proteins which migrate between the N proteins of  Types

1 and 2 viruses.  The Karluk River strain resembles CD2. However, a

more detailed analysis of  these two isolates must be made.
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Relat ionship  between v irus  type  and  v iru lence  to  f i sh

An analys is  o f  the  spec ies  o f  f i sh  in fected  with  each  v irus  type

is  presented  in  Tables  2 ,  3 ,  4  and 5 .  Type 1 strains of IHNV have

been found in steelhead trout,  sockeye salmon, kokanee salmon

(landlocked sockeye salmon),  pink salmon, and Chinook salmon (Table

2). Type 2 and Type 3 viruses have never been isolated from sockeye

salmon (Tables 3 and 4).  However, Type 2 IHNV strains have been found

in  s tee lhead,  cutthroat ,  and  ra inbow trout ,  and  Chinook sa lmon.  Type

3 IHNV has been found mainly in chinook salmon with only one reported

iso lat ion  f rom ra inbow trout  (Table  4 ,  F ig .  7 ) .  I t  seems l ike ly  that

Type 3 virus is the same virus responsible for "Sacramento River

Chinook Disease."  The

morta l i t ies  in  chinook

these  two species were

Sacramento River virus causes were severe

salmon but not in steelhead trout although

cultured i n  the same hatcheries in Sacramento

River and Feather River (Parisot and Pelnar,  1962; Wingfield and Chan,

1370).  Type 4 and 5 of IHN virus were isolated from chinook and

sockeye  (Table  5 ) .

Differentiation of IHNV and IPNV by SDS-PAGE

The util ity of  the detection method was further demonstrated by

comparing the intracellular THN-specific proteins with that produced

i n  c e l l s  i n f e c t e d  w i t h  i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  ( I P N V ) .

T h e  l a t t e r  v i r u s  i s  a l s o  f o u n d  i n  salmonid s p e c i e s  o f  f i s h  i n  t h e

Northwest. Although IPNV produces a different CPE in tissue culture
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c e l l s , there  i s  a lways  the  poss ib i l i ty  o f  mistaking  one  v irus  o f  the

other .  Conf i rmat ion  o f  a  d iagnos is  for  e i ther  v i rus  requires  serum

n e u t r a l i z a t i o n  s t u d i e s .  However, the SDS-PAGE method does distinguish

between these two viruses easily.  I t  i s  c l e a r  t h a t  t h e 35S-methionine

labe led  v i rus  prote ins  in  IPNV- infected  ce l l s  are  d i f ferent  f rom that

synthes ized  in  IHNV-infected  ce l l s  (F ig .  5 ) .  Three  d i f ferent  i so lates

of IPNV gave identical patterns.

The IHNV Associated with Recent Outbreaks in 1980-82  in the Lower

Columbia River Are Similar to the Type of IHNV from the Hagerman

Valley  in  Idaho

The  s imi lar i ty  between the  v i rus  types  i so lated  in  the  lower

Columbia River and in Idaho suggests that a single source of  infection

and horizontal transmission may have been responsible for the sudden

increase in the IHNV incidence in the Columbia River (Fig.  6) .
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DISCUSSION

The finding that IHNV may be typed by the virion protein patterns

has  made  poss ib le  a  s tudy  o f  the  reg ional  d is tr ibut ion  o f  72  d i f ferent

IHNV iso lates  in  severa l  f i sh  spec ies .  An analys is  o f  these  resul ts

indicate  that  (1 )  there  are  at  l east  4  major  types  o f  IHNV,  (2 )  a

part i cu lar  type  o f  IHNV is  character is t i c  for  a  spec i f i c  area  and not

f o r  a  p a r t i c u l a r  s p e c i e s  o f  f i s h  i n  t h a t  a r e a ,  ( 3 )  t h e  s a m e  t y p e  o f

v i rus  i so lated  f rom spawning  adul ts  i s  respons ib le  for  the  subsequent

IHNV e p i z o o t i c  i n  t h e  p r o g e n y  f r y , ( 4 )  t h e  s a m e  type  o f  v i rus ,  Type  2 ,

was responsible for IHNV outbreaks among fish in the lower Columbia

River , and (5 )  Type  2  v i rus  i s  a lso  found in  f i sh  in  the  Snake  River ,

Idaho, which drains into the Columbia River.

In  addi t ion , some correlation between virus type and virus

virulence was found for Types 1 and 3 IHN virus.  T h e  f i r s t  i s o l a t i o n

of IHNV, the Oregon Sockeye virus, in Oregon was made at the

Willamette Salmon Hatchery in juvenile sockeye salmon in 1958. In

1967, a virus referred to as IHNV was isolated from rainbow trout and

sockeye salmon in hatcheries in Western Canada (Amend et al . ,  1969).

Al though these  i so lates  are  no  longer  avai lab le ,  the  f inding  o f  on ly

Type 1 virus in sockeye salmon in Canada today and the serological

similarity of  the Oregon Sockeye Virus and the Canadian IHNV isolates

(McCain  e t  a l . , 1971)  suggest  that  Type  1  v irus  i s  the  or ig inal

sockeye salmon IHNV. This Type 1 virus is virulent in sockeye salmon
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and s tee lhead  trout .  Type 1 virus does not produce mortalities among

Chinook salmon fry.

The IHNV virus isolated from Sacramento and Feather river Chinook

salmon belong in the Type 3 group. This virus type causes high

morta l i t ies  in  ch inook  sa lmon in  Cal i fornia  but  does  not  readi ly  k i l l

s tee lhead  trout .  Such  d i f ferences  in  the  v i ru lence  o f  d i f ferent

stra ins  o f  IHNV for  d i f ferent  spec ies  o f  f i sh  has  been  reported  (M.

Chen,  Ph.D.  thes is ,  Oregon State  Univers i ty ,  Corval l i s ,  1984) .

The  recent  ep izoot i cs  (1980-82)  o f  IHNV at  hatcher ies  located  in

the  lower  th ird  o f  the  Columbia  River  (F ig .  6 )  were a l l  due  to  Type  2

IHNV (Fig. 1).  The earliest appearance of Type 2 IHNV among the

isolates tested was found in steelhead adults at Niagra Springs

Hatchery (NI) and Hagerman  Valley (HA 1 and HA 2) in 1978 (Table 3 and

F i g .  2 ) .  Later isolations of  the virus were made in rainbow trout

from Clear Sprin gs (1982),  and Hagerman  Valley (1981, 1982, 1983) in

Idaho. The  s imi lar i ty  between the  v i rus  types  i so lated  in  the  lower

Columbia River and Idaho suggests that a single source of  infection

and horizontal transmission may have been responsible for the sudden

increase in the IHNV incidence in the Columbia River (Groberg and

Fryer ,  1983) .

The finding that IHNV strains can be typed by the virion protein

patterns  and that  a  part i cu lar  v i rus  type  i s  endemic  for  a  part i cu lar

a r e a  i s  s i g n i f i c a n t  f o r  s e v e r a l  r e a s o n s .  The most important reason is
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that once an area has been "typed" w i t h  a  p a r t i c u l a r  v i r u s  t y p e  i t

becomes  poss ib le  to  detect  the  introduct ion  o f  a  new stra in  into  that

area .  For example, the N protein of CD2 which was obtained in 1981 is

d i f ferent  f rom the  CD stra in  o f  the  prev ious  year  (F ig .  4 ) .  There is

a lso  a  d i f ference  between N prote ins  o f  DW an d DW2 (Fig .  1 ,  4 ) .  Thus,

it  is  possible that new strains of  IHNV were introduced at Cedar River

and at Dworshak hatcheries. If the appearance of a new strain of IHNV

coinc ided  with  the  introduct ion  o f  f i sh  or  eggs ,  then  the  or ig in  o f

the new strain might be traced. I t  should  be  poss ib le  to  d is t inguish

between an IHNV epizootic which originated from contaminated eggs or

from infected fish in the watershed upstream from the hatchery.
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Legends

F i g .  1 .  An autoradiogram of the Type 1 and 2 IHNV isolates in the

Columbia River basin. Gel  e lec tropherogram o f  d i f ferent

isolates of  IHNV infected CHSE-214 cells labeled by 35S-

methionine as described in Materials and Methods.  The lanes

are marked RBl (Round Butte Hatchery), DW (Dworshak), PA

(Pahsimeroi Hatchery),  NI (Niagra Springs),  EN (Entiate),  LE

(Lewis River), SK (Skamania), MO (Minto Pond), MP (Mossyrock

Hatchery), GN (Gnat Creek), BCl  (Beaver  Creek) ,  LS (Li t t le

White Salmon).

126



127



F i g .  2 .  An autoradiogram of Type 1 IHNV and the IHNV isolated in

Idaho (Type 2).  In fec tec ted  ce l l s  were  labe led  as  descr ibed

in Materials and Methods. The lanes are marked RB (Round

Butte Hatchery), DW (Dworshak), PA (Pahsimeroi Hatchery), NI

(Niagra Springs), CS (Clear Springs), HA1 (Hagerman River l),

HA2 (Hagerman River 2), RR (Rapid River), SK (Skamamia), GN

(Gnat Creek), RBl  (Round Butte Hatchery).
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F i g .  3 .  A comparison of IHN virion protein patterns for the

Cal i forn ia  (Type  3 )  and  Type  2  i so lates .  In fec ted  ce l l s  were

labeled as described in Materials and Methods. The lanes are

marked BC2 (Beaver Creek 2), ER (Elk River), PA (Pahsimeroi

Hatchery), GN (Gnat Creek), NS (Nan Scott Lake), SK

(Skamania), TR (Tr in i ty  River ) ,  FE (Feather  River ) .
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F i g .  4 .  A comparison of IHN virion protein patterns for Type 3,  4 and

5  i s o l a t e s .  In fec ted  ce l l s  were  labe led  as  descr ibed  in

Materials and Methods. The lanes are marked CO (Coleman

R i v e r ) , SV (Sacramento River), CO3 (Coleman River B), TR

( T r i n i t y  R i v e r ) , RBl (Round Butte Hatchery), CD2 (Cedar River

2), CD (Cedar River),  TR (Trinity River),  SV (Sacramento

R i v e r ) , CO3 (Coleman River 3), CO2 (Coleman River 2), Elk

R i v e r ) , ER2 (Elk River 2).
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F i g .  5 .  The  d i f ferences  i n  v i r ion  prote in  patterns  between in fec t ious

pancreat ic  necros is  v irus  and IHNV infected cells were

labeled as described in Materials and Methods. The lanes are

marked IPN 1 (Canada 1 ), IPN2 (Canada), IPN3 (Canada). WR

(White  River )  CNTL (contro l  uninfected  ce l l s ) ,  RBl  (Round

Butte  1 ) .
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F i g .  6 . The locations where IHNV was isolated from fish in Columbia

River  bas in .
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F i g .  7 . The locations of  IHNV was isolated from fish in Northern

C a l i f o r n i a .
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NORTHERN CALIFORNIA SITES

0 TYPE  III VIRUS
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Table 1. Summary of Infectious Hematopoietic Necrosis Virus strains
isolated from Northwest America.

Location Code  Host Name            Type_____                                                                 ____

Washington

Beaver Creek BC1
Beaver Creek BC2
Cedar River CD
Cedar River CD2
Cowlitz Trout Hatchery CL2
Cowlitz Trout Hatchery CL3
Cowliltz Trout Hatchery CL4
Cowlitz Trout Hatchery CL5
Cowlitz Trout Hatchery  CL6
Entiat EN
Lewis River LE

Lake Quinalt LQ
Little White Salmon LS
Mossyrock Hatchery M O
Skamania SK
Speelyai Hatchery SP
White R iver W R

Oregon
Cascade Fisheries
Elk River
Elk River
Gnat Creek
Metolius River
Metolius River
Metolius River
Minto Pond

Nan Scott Lake
Round Butte Hatchery
Round Butte Hatchery

Round Butte Hatchery

Round Butte Hatchery
Round Butte Hatchery
Round Butte Hatchery
Suttle Lake

Warm Spring

CF

ER

ER2
GN

ME

ME2

ME3

MP
NS
RB1

RB2

RB3

RB4
RB5

RB6
SL

WS

StW

Ct
SS

ChF

StW

StS

StS

StW

Ct
ST
CH

SS

ShS

StW

StS

ChF

SS

Rb

ChF

ChF

StS

K

K

K

ChS

Rb
StS

StS

StS

StS
StS

StS
K

StS
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2

2

5

5
2
2
2
2
2
1
2
1
2
2
2
2
I

2
3
3
2
1
1
1
2
3
1
1
1
1
1
1
1
1



California
Coleman River

Coleman River

Coleman River
Table III .  1  (continued)

Feather River
Sacramento River
Trinity River

Idaho
Clear Sprinqs
Dworshak

Dworshak

Hagerman  River
Hagerman  Ri ve r
Hagerman River

Hagerman  River
Niagra  Springs
Pahsimeroi Hatchery
Rapid River

Alaska

Karluk River
Karluk River
Lake Auke

Lake Nerka
Tamgas Creek
Tamgas Creek
Tamgas Creek

Canada

Boweran Lake
Cultus Lake

Cowichan Lake
Cowichan Lake

Cowichan Lake
Fofar Creek
Gates Creek
Great Central Lake
Great Central Lake
Robertson Creek
Robertson Creek
Sproat River
Sproat River

CO

CO2
CO3

FE

SV

T R

cs
DW

DW2

HA1
HA2

HA5

HA6
NI

PA
RR

KL
KL2

LA

LN

TA1

TA2
TA3

BO                              -                  1
CU
CW1
CW2
CW2
FO

G C
GL

GL2

RO1
RO2

SRL
SR2

ChS

CH

CH

CH

CH

ChS

Rb
ChS

StS                                          3
Rb

Rb

Rb

Rb
StS

StS
ChS                                 1

ss
CH

ss                           1
ss
PK                                 1

ss

ss                           1

ss                       1
ss
ss
ss                         1
ss
ss
ss
ss
ss
ss                         1
ss                         1
ss                         1

3

4

4

3
3
3

5
5

1

1

1
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Weaver Creek WC1 SS 1
Weaver Creek WC2 SS 1

StS, Steelhead trout, summer
StW, Steelhead trout, winter
Ct, Cutthroat trout
SS, Sockeye salmon
CH, Chinook salmon

ChF, Chinook salmon, fall
ChS, Chinook salmon, summer
K, Kokanee

Rb, Rainbow trout
Abbreviations as in Mulcahy et al., 1980.
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Table 2.  D i f f e r e n t  s p e c i e s  o f  f i s h  t h a t  T y p e  1  o f  I i n f e c t i o u s
Hematopoietic Necrosis v i rus  was  i so lated  f rom.

Codea
Host State  or  Stage of
Name Country Development Date  o f  I so lat ion

ME kokanee ORb

ME2 kokanee OR
ME3 kokanee OR
RBl steelhead OR
RB2 steelhead OR
RB3 steelhead OR
RB4 steelhead OR
SL kokanee OR
ws steelhead OR
EN steelhead OR
TA1 pink salmon AKc

TA2 sockeye AK
TA3 sockeye AK
LA sockeye AK
LN sockeye AK
DW Chinook IDd

RR Chinook ID
BO Chinook CANe

cu sockeye CAN
CW1 sockeye CAN
cw2 sockeye CAN
cW3 sockeye CAN
FO sockeye CAN
GC sockeye CAN
GL1 sockeye CAN
GL2 sockeye CAN
R01 sockeye CAN
R02 sockeye CAN
SRl sockeye CAN
SR2 sockeye CAN
WC1 sockeye CAN
WC2 sockeye CAN

adult
adult
adult
adult
adult
a d u l t
year l ing
j u v e n i l e
adult

juvenile
juveni le
j u v e n i l e
adult
adult
adult
adult

juveni le
adult
adult
adult
adult

adult
adult
adult
adult
adult
adult
juveni le
adult

1977
1978
1981
1975
1981
1982
1983
1980
1980
1982
1981
1981
1981
1979
1979
1980
1982
1975
1978
1978
1978

1974
1974
1980
1976

aCode as  descr ibed  in  Table  1 .
bOR = Oregon
cAK = Alaska
dID = Idaho
eCAN = Canada
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Table 3.  Different species of  f ish that Type 2 IHN virus was
iso lated  f rom.

Codea
Host Stage of
Name State Development D a t e  o f  I s o l a t i o n

BCl
BC2
CL2
CL3
CL4
CL5
CL6
cs
GN
HA1
HA2
HA3
HA4
HA5
HA6
LE
LS
MO
MP
NI
PA
SK

stee lhead ,  winter
cutthroat  trout
stee lhead ,  winter
steelhead, summer
steelhead, summer
stee lhead ,  winter
cutthroat  trout
rainbow trout
steelhead
rainbow trout
rainbow trout
rainbow trout
rainbow trout
rainbow trout
rainbow trout
Chinook
Chinook
steelhead
Chinook
steelhead, summer
steelhead
steelhead

WA
W A c

WA
WA
WA
WA
WA
IDd

ORb

ID
ID
ID
ID
ID
ID

WA
WA
WA
OR
ID
ID

WA

juveni le  1981
adults 1982
adults 1982
j u v e n i l e  1982
adult 1981
adult 1981
adult 1981
adult 1982
j u v e n i l e  1981
adult 1978
adult 1978
j u v e n i l e  1983
juveni le  1983
adult 1978
adult 1979
juveni le  1980
adult 1981
j u v e n i l e  1981
adult 1981
adult 1978
adult 1980
j u v e n i l e  1981

aCode  as  descr ibed  in  Table  1
bOR = Oregon
cWA = Washington
dID = Idaho
eAK = Alaska
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Table 4.  Di f ferent  spec ies  o f  f i sh  that  Type  3  In fect ious
Hematopoietic Necrosis virus was isolated from.

Codea Host Name
Stage of

State Development Date  o f  I so lat ion

ER
ER2
FE
sv
TR
NS
co

Chinook
Chinook
Chinook
Chinook
Chinook
rainbow trout
Chinook

ORb j u v e n i l e  1979
OR juvenilee 1977
CAc j u v e n i l e  1977
CA adult 1979
CA juveni le  1980
OR j u v e n i l e  1971
CA j u v e n i l e  1980

aCode  as  descr ibed  in  Table  1
b OR = Oregon
cCA =  C a l i f o r n i a

Table 5.  Di f ferent  spec ies  o f  f i sh  that  Type  4  and  5  In fec t ious
Hematopoietic Necrosis virus was isolated from.

Codea Host Name
Stage of

State Development Date  o f  I so lat ion

C02a

C03a

CDb

CD2b

KLb

KL2b

Chinook
Chinook
sockeye
Chinook
sockeye
Chinook

C A c j u v e n i l e  1980
CA j u v e n i l e  1979
WAd j u v e n i l e  1980
WA j u v e n i l e  1981
AKe j u v e n i l e  1979
AK j u v e n i l e  1978, 1979

abelongs to  Type  4
bbelongs to Type 5
c C A   =  C a l i f o r n i a
d WA = Washington
eAK = Alaska
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